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Abstract 
Developmental language delays are common and are associated with increased risk of 
adverse educational and psychosocial outcomes later in life. Early intervention services 
supporting language development may prevent these later problems from occurring. 
However, with the variability that exists in language development, it is less clear which 
children with developmental language delays actually require intervention. As such, 
increased understanding of the trajectory of language impairment and the long-term 
outcomes in adulthood is needed. The purpose of this thesis was to: (i) determine the early 
life characteristics that placed children at risk for poor language outcomes, and (ii) profile 
the long-term psychosocial outcomes in adulthood for language impaired populations. To 
address these aims prospective longitudinal data from two Australian pregnancy cohort 
studies; the Mater-University of Queensland Study of Pregnancy (MUSP) and the Western 
Australian Pregnancy Cohort (Raine) Study, were utilised.  
 
The first three studies of this thesis investigated the early life characteristics that predicted 
later language outcomes in childhood and adulthood. Firstly, Chapter 2 investigated the 
parental and early childhood factors present at, or prior to 5 years, which were associated 
with different vocabulary developmental profiles in the MUSP cohort. Receptive vocabulary 
skills were measured at 5- and 21- years, using the Peabody Picture Vocabulary Test-
Revised (PPVT-R). A one standard deviation cut-off was applied to determine average and 
below average performances at the two assessment points. Four vocabulary 
developmental profiles were then identified, including: ‘consistently typical’ (average 
performance at both time points), ‘consistently low’ (below average scores at both time 
points), ‘improved’ (below average performance at 5 years but average performance at 21 
years), and ‘deteriorated’ (average skills at 5 years but below average performance at 21 
years). The results revealed that adults with deteriorating vocabulary profiles were more 
likely to have had internalising behaviours at 5 years, mothers who smoked during 
pregnancy, and fathers with lower educational attainment, compared to adults with 
consistently typical vocabulary histories. No significant risk factors were identified for 
adults showing consistently low vocabulary in comparison to those adults whose early 
vocabulary delays had improved.  
 
Applying the same methodological approach as Chapter 2, Chapter 3 investigated 
possible predictors of change in language performance from 2 to 10 years in the Raine 
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cohort. At 2 years, expressive vocabulary was measured using the Language 
Development Survey (LDS) and at 10 years, language ability was measured using the 
Clinical Evaluation of Language Fundamentals (CELF-3). Children with deteriorating 
language profiles were more likely to be male and have mothers who smoked during 
pregnancy, have fathers with lower educational attainment, come from families with lower 
income, and not be read to at 2 years by their parents. Children with consistently low 
language skills were also more likely to have mothers who smoked during pregnancy 
compared to those late talkers whose language skills resolved to within normal limits at 10 
years.  
 
Chapter 4 investigated the predictive accuracy of a general developmental screening 
instrument (the Infant Monitoring Questionnaire, IMQ) at 3 years of age for explaining 
language outcomes at 10 years. The predictive ability of traditional logistic regression 
models was compared to the predictive statistics obtained when using machine learning 
algorithms. Furthermore, model accuracies were calculated using only communication 
subscale data as well as broader IMQ data encompassing fine and gross motor, adaptive 
and personal-social skills. The findings obtained from the machine learning algorithms 
were equivalent to logistic regression, and the inclusion of other behaviours of 
neurodevelopment (motor, social and adaptive skills) did not improve predictive accuracy 
over and above communication skills alone. 
 
Chapters 5 and 6 then investigated the long-term psychosocial outcomes into adulthood. 
Chapter 5 examined the long-term prognosis for late talkers in adulthood in terms of their 
levels of autistic-like traits as measured by the Autism-Spectrum Quotient (AQ) at the 20-
year follow-up in the Raine Study. The results of this chapter revealed that a smaller 
vocabulary size at 2 years was associated with higher levels of autistic-like traits in 
adulthood, particularly in the area of social communication.  
 
Finally, Chapter 6 examined the educational, vocational and mental health outcomes at 21 
years in the MUSP for the four different vocabulary developmental profiles identified in 
Chapter 2. Results indicated that those adults with deteriorating vocabulary skills had 
poorer outcomes across the educational, vocational and mental health domains. Adults 
with consistently low vocabularies had lower educational and vocational prospects, and 
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adults with improved vocabulary skills remained at increased risk of poorer vocational 
outcomes compared to adults with consistently typical profiles.  
 
The findings of this thesis have implications for the identification of those children who 
require early intervention language services, by increasing awareness of children at risk of 
persisting language difficulties. It also emphasises the increased risk of future educational 
and psychosocial problems in children with early and later-emerging language difficulties, 
highlighting the need for universal preventative strategies to enhance early language 
development. 
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1 Chapter 1: Thesis introduction 
 
1.1 Background 
Oral language involves the comprehension and use of words and sentences to 
convey ideas and information (Bishop, Snowling, Thompson, Greenhalgh, & CATALISE-2 
consortium, 2016). The successful acquisition of oral language skills is determined by key 
developmental milestones and lasting implications are observed for children when 
language milestones are not achieved as expected. The adverse implications of poor 
language skills are present across multiple facets of children’s lives including social 
communication, emotional and behavioural regulation, and later educational and 
vocational outcomes (e.g. Durkin & Conti-Ramsden, 2007; Schoon, Parsons, Rush, & 
Law, 2010; Yew & O'Kearney, 2013). It is this pervasive impact of oral language difficulties 
that makes language development an area of immense interest and importance for both 
clinical and research purposes.  
Problems in the acquisition of language are determined when a child’s performance 
is not commensurate with their same-aged peers and an impact is seen on the child’s day-
to-day functioning (Bishop, 2014). These difficulties in language can be a secondary 
consequence of known conditions, such as hearing loss, genetic syndromes (including 
Down syndrome), and neurodevelopmental conditions (such as Autism Spectrum Disorder 
[ASD], and Intellectual Disability [ID]). For some children, however, language deficits occur 
in the absence of any other underlying cognitive, neurological, socio-emotional or sensory 
conditions (e.g. Hawa & Spanoudis, 2014).  
Language disorder is a highly prevalent condition, affecting approximately 7% to 
19% of children, depending on the age of the child and the definition adopted (Law, Boyle, 
Harris, Harkness, & Nye, 2000; Reilly et al., 2010; Tomblin, Records, et al., 1997). This 
high prevalence rate, compared to 1% to 2% for ASD for example (Baird et al., 2006), 
makes children with language disorder one of the largest groups of young people with 
special needs that professionals are likely to encounter. However, language disorders are 
often considered a ‘hidden disability’, and receive less public attention and funding than 
other neurodevelopmental disorders, including ASD (Bishop & Morty, 2010). Thus, there is 
a strong need for both researchers and policy makers to understand more about this highly 
prevalent condition, and to work towards improving identification and intervention practices 
to remediate, and even prevent, the long-term adversities associated with poor language 
performance for these children.  
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This thesis consists of a series of longitudinal investigations of the predictors of 
language performance and the associated long-term outcomes. More specifically, the aims 
of this thesis are to advance the current understanding of the early predictors of adverse 
language outcomes, and to increase the knowledge of the long-term psychosocial 
outcomes in the adult years for individuals who presented with childhood language 
difficulties. Importantly, this thesis incorporates data from two large Australian population-
based cohort studies. The longitudinal design of these cohorts delivers a powerful 
resource, allowing for advancements over studies that are cross-sectional or only focused 
on clinical samples. For example, population-based samples allow for the inclusion and 
consideration of children with more mild-to-moderate impairments, who may not have 
been clinically referred, and therefore would not necessarily be represented in studies 
using clinical populations. Also, longitudinal studies permit the investigation of predictors of 
outcome for children who do not manifest impairment at an earlier age, which was 
essential in addressing the overall aims of this thesis. The remainder of this chapter 
provides a review and critique of the existing literature by focusing on data arising from 
both clinical and population-based samples. Further, the current understanding of the 
natural progression of language development, the methods for the early detection of 
language weakness, and the current knowledge surrounding the associated long-term 
outcomes of early language delays will be outlined. Additionally, the current gaps in the 
evidence base and the subsequent aims of the remaining chapters of this thesis are 
highlighted. 
1.2 The heterogeneity in childhood language development 
From an early age, delays in language are determined when a child shows difficulty 
understanding or using language when compared to their same-aged peers. 
Subsequently, language impairment is often classified when these difficulties with 
language persist and are severe enough to warrant this diagnostic label based on 
performance on standardised language testing. However, across a child’s development, 
the assessments and criteria used for defining both language delays and language 
impairments are highly variable, resulting in the wide prevalence rates and heterogeneity 
that exists across studies. In terms of assessments, there is a wide range of measures of 
language ability available. Therefore, some studies focus on understanding more about 
the specific areas of language, including expressive vocabulary (Law, Rush, Anandan, 
Cox, & Wood, 2012), receptive vocabulary (Harrison & McLeod, 2010; Parsons, Schoon, 
Rush, & Law, 2011), or syntax (Rice, Taylor, & Zubrick, 2008). Other work focuses on 
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general measures of language that capture both receptive and expressive language skills 
through omnibus assessments (Rice et al., 2008; Tomblin, Smith, & Zhang, 1997; 
Ukoumunne et al., 2012). Secondly, the criteria applied to determine language 
‘impairment’ also vary across studies. Previous work has included more mild cut-offs of 1 
standard deviation (SD) below the population mean (Schoon et al., 2010; Snowling, Duff, 
Nash, & Hulme, 2015), others specify 1.25 SD (Reilly et al., 2010), and some are more 
stringent applying a 2 SD (Poll & Miller, 2013) criterion. This variability in terms of the 
measures, the areas of language focused upon, and the criteria employed, creates 
challenges for reviewing language studies and understanding the current evidence base 
surrounding language impaired populations. Moreover, the ages and stages of the 
children’s development can further influence the classification of language difficulties 
across studies. In light of this heterogeneity, and the influence it has on interpreting 
findings from previous work, the following section of this review provides background 
information on three specific language populations, namely children who demonstrate 
limited expressive vocabulary knowledge, children showing receptive vocabulary delays, 
and children who have low language skills when measured using more general language 
measures. These three populations are the focus of this thesis and are discussed in turn 
below. 
1.2.1 Children with poor expressive vocabularies  
In toddlerhood, early language delays are often first classified at 2 years on the basis 
of slower than normal development of language skills. Two years is often selected as there 
is substantial variation in children’s language development prior to that age (Bishop et al., 
2012; Dale, Price, Bishop, & Plomin, 2003; Henrichs et al., 2011). While a minority of 
studies do include receptive language as part of their criteria (Rescorla, Dahlsgaard, & 
Roberts, 2000; Zubrick, Taylor, Rice, & Slegers, 2007), at this stage of development early 
delays are most commonly indexed by the child showing limited expressive language 
ability (Paul, 1993; Reilly et al., 2007; Whitehouse, Robinson, & Zubrick, 2011; Zubrick et 
al., 2007). More specifically, early language delays are often determined by a limited 
number of words in the child’s expressive vocabulary and/or an absence of word 
combinations at the 2-year mark (Whitehouse, Robinson, et al., 2011; Zubrick et al., 2007). 
These children are frequently referred to as late talkers. At this stage of development, a 
child’s expressive language ability is commonly measured by parent-report checklists. 
Three commonly used standardised checklists include the Language Development Survey 
(LDS; Rescorla, 1989), the MacArthur-Bates Communicative Development Inventory (CDI; 
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Fenson, 1993), and the Ages and Stages Questionnaire (ASQ; Bricker, Squires, & Mounts, 
1999). Population-based studies have shown that based on performance on these 
measures, late talkers represent between 9% and 20% of 2-year-old children (Fenson, 
2007; Rescorla, 1989; Zubrick et al., 2007). The high prevalence rate, coupled with the 
fact that these early delays may be significant markers for subsequent persisting language 
impairments, makes the late talking population one of interest for researchers and 
clinicians. For this reason, Chapters 3 and 5 of this thesis focus on the late talking 
population. 
1.2.2 Children with poor receptive vocabularies  
Beyond the toddler years, vocabulary skills continue to provide a foundational 
building block for the development of other language areas and as a child develops, their 
vocabulary size is strongly associated with a range of abilities including general 
intelligence and reading (e.g. Gathercole, Willis, Emslie, & Baddeley, 1992; Muter, Hulme, 
Snowling, & Stevenson, 2004). Hence, understanding more about children’s underlying 
vocabulary skills has been commonly investigated into the preschool and school-age years 
(Harrison & McLeod, 2010; Rice & Hoffman, 2015; Taylor, Christensen, Lawrence, Mitrou, 
& Zubrick, 2013). While expressive language ability is commonly reported for late talkers, 
as children become older the emphasis often moves to receptive vocabulary. This shift 
becomes more prominent as poor receptive language skills in older children are strongly 
linked to increased risk of poor reading comprehension and academic attainment (Nation, 
Clarke, Marshall, & Durand, 2004), and thus understanding more about receptive 
vocabulary delays becomes increasingly important. Beyond two years of age there is also 
a focus on standardised testing, rather than the use of parent report, to measure 
vocabulary knowledge. Common measures of receptive vocabulary performance include 
the Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 1981) and the English Picture 
Vocabulary Test (Brimer & Dunn, 1962). Prevalence rates suggest that between 12% and 
15% of children show delayed receptive vocabulary skills at school entry (Harrison & 
McLeod, 2010; O'Callaghan, Williams, Andersen, Bor, & Najman, 1995; Parsons et al., 
2011). On the basis of this high prevalence and the importance of receptive vocabulary for 
the development of many other domains, Chapters 2 and 6 of this thesis focus on 
receptive vocabulary first measured at school entry.   
1.2.3 Children with poor general language ability  
Another population receiving increased attention in the literature is children who 
present with language weakness when assessed using more omnibus language 
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measures. These omnibus measures include standardised assessments that are selected 
to provide a more holistic representation of the child’s underlying language skills 
encompassing both receptive and expressive domains. While a range of measures are 
incorporated across studies, two commonly used assessments include the Clinical 
Evaluation of Language Fundamentals (CELF; Semel, Wiig, & Secord, 1995), and the Test 
of Language Development (TOLD; Newcomer & Hammill, 1997). As previously mentioned, 
7% to 19% of children demonstrate language impairments (Law et al., 2000; Reilly et al., 
2010; Tomblin, Records, et al., 1997). Chapters 3 and 4 of this thesis focus on the 
language outcomes in middle childhood based on performance on the CELF, as an 
outcome measure of more general oral language ability. 
It is important to note that studies that have focused on language performance on 
more omnibus measures have traditionally classified children as presenting with Specific 
Language Impairment (SLI). Until recently, SLI was the term most widely used to refer to 
children with unexplained language problems in the preschool and school-age years. 
However, the utility of SLI as a diagnostic category has been increasingly questioned in 
recent years. In 2014, the International Journal of Language and Communication 
Disorders included a special issue focusing on SLI. This issue included commentaries 
from leading international research experts, clinicians and parents about the controversy 
surrounding the condition (Ebbels, 2014). Overwhelmingly, the conclusions drawn from the 
special edition highlighted the widespread disagreement about the diagnostic criteria and 
terminology used to refer to children with unexplained language problems. Of most 
concern was the exclusionary nature of the criteria including the often-required mismatch 
between non-verbal IQ and language ability. Arising in the debate was the issue that the 
required discrepancy between non-verbal IQ and language was of more benefit for 
research purposes (to limit the heterogeneity of the population), although this mismatch 
was not indicative of the presentation most commonly observed clinically (Reilly, Tomblin, 
et al., 2014). Due to the timing of the release of the special edition, and the controversy 
surrounding SLI, this population was not a specific focus of the current thesis which looked 
at language outcomes in the absence of measuring non-verbal cognitive ability and thus, 
the term SLI is not used. 
It is also important to acknowledge that more recently, and arising from the special 
edition, came a call for a global working party to provide recommendations to the 
international community on nomenclature and criteria for children with ‘SLI’. Recently, two 
such studies have arisen which tackled this issue (Bishop, Snowling, Thompson, & 
6 
 
Greenhalgh, 2016; Bishop, Snowling, Thompson, Greenhalgh, et al., 2016). These 
studies, published in 2016, adopted a Delphi technique to consider both the criteria used 
to identify children in need of specialist help in this domain and to address terminological 
issues. Again, due to the timing of the release of this information, only elements of the 
conclusions arising from the Delphi study were able to be included in this thesis. More 
specifically, the use of the term developmental language disorder (DLD) is incorporated in 
elements of this thesis, when appropriate, to refer to children with difficulties in language 
that do not arise from a known condition. 
1.3 Early identification practices for predicting children at risk of poor language 
outcomes 
There is extensive evidence of the costly and far-reaching consequences arising 
from childhood language impairment. Language disorders in childhood have been shown 
to be associated with poorer school performance and completion rates, reduced 
employment opportunities, and increased mental health concerns (Conti-Ramsden & 
Durkin, 2016; Johnson, Beitchman, & Brownlie, 2010). Further, research has also shown 
higher rates of comorbidities between language problems and anti-social behaviour 
resulting in adjudication in youth justice services (Snow & Powell, 2008). There is also 
evidence of the societal burden associated with childhood language difﬁculties. For 
example, evidence arising from the Longitudinal Study of Australian Children (LSAC), 
found that in the Australian healthcare context, language difﬁculties were associated with 
increased healthcare costs across infancy, pre-school and school years (Cronin, Reeve, 
McCabe, Viney, & Goodall, 2016; Sciberras et al., 2015). In light of these known adverse 
and costly outcomes, a strong emphasis is often placed on the role of early intervention 
services to address early language difficulties and to reduce the subsequent adversities 
that are faced by individuals, their families, and the wider community.  
Early intervention is primarily aimed at the first five years of a child’s life as this is a 
critically sensitive period for the development of cognitive ability and language skills, which 
in turn lay important foundations for success in many other forms of learning (Warren et 
al., 2016). Thus, many clinicians, researchers, and policy makers argue that further 
attention towards the detection and intervention of language difficulties before the age of 
five years is essential for optimising outcomes for children and their families (Warren et al., 
2016). While not a specific focus of this thesis, evidence for the efficacy of current early 
intervention practices must be acknowledged. A systematic review by Law, Garrett, and 
Nye (2003) provided evidence supporting the role of intervention for children with 
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expressive language delays, although similar conclusions could not be drawn for the 
effectiveness of current programs for improving receptive language skills. Further, it was 
evident from Law et al. (2003) systematic review that intervention studies largely consist of 
small sample sizes (n < 100), and, until more recently, fewer studies had considered the 
role of universal service delivery approaches aimed at the general population. Wake et al. 
(2013) is one of the few studies to implement a population-based intervention program 
targeted at improving language skills in a sample of 4-year-old children. While benefits in 
the treatment arm were observed immediately after the provision of the program (Wake et 
al., 2013), these benefits were no longer present at 6 years of age (Wake et al., 2015). 
The conclusions drawn from this study were that the long-term individual and societal 
benefits of population-based interventions remain uncertain.  
However, one major challenge impacting the provision of early intervention, and the 
subsequent conclusions drawn from intervention studies, is the natural variability that 
exists in language development during childhood (Wake et al., 2015). Both community-
based and clinical samples show that some children with early language delays 
demonstrate persistent problems (Bishop et al., 2012; Poll & Miller, 2013). However, there 
is a substantial proportion of children (50-75%), who resolve their early language delays of 
their own accord (Dale et al., 2003; Rice et al., 2008). For example, the Early Language in 
Victoria Study (ELVS) showed that approximately 70% of children who were late talkers at 
2 years, performed within normal limits on language assessments at 4 years without 
specialist help (Reilly, McKean, & Levickis, 2014; Reilly et al., 2010). This variability in 
language appears to decrease, but not disappear, as children enter the school-age years. 
As evidenced by further work arising from the ELVS, of the children showing language 
difficulties at 4 years, 40% resolved their delays by 7 years (Reilly, Tomblin, et al., 2014). 
Additionally, there is also a subset of children who present with typical skills at an earlier 
assessment time point but who subsequently show language difficulties later in 
development. Population-based studies have shown these children with ‘deteriorating’ 
language profiles to represent 6% to 19% of the general population (Poll & Miller, 2013; 
Reilly et al., 2010; Rice et al., 2008).2  
These two changing developmental language profiles, of improved and deteriorated 
language skills, lead to distinctive implications for the implementation of early intervention 
                                            
2 The current thesis uses the terms ‘consistently typical’, ‘consistently low’, ‘improved’ and ‘deteriorated’ to describe 
patterns of change observed from performance on language measures at two assessment time points. It is 
acknowledged that these terms are subjective in nature but this terminology has been selected to describe observed 
patterns and to distinguish the different language developmental profiles based on early and concurrent language ability. 
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services. For example, for those children presenting with early language delays, services 
are constrained by difﬁculties in identifying which children will have persistent problems 
and which children are likely to resolve their language problems without specialist help. 
Secondly, for children with deteriorating language profiles, there is a need to ensure that 
‘later-emerging’ language difficulties are still detected and that the children affected 
receive the intervention that they require. Thus, one potential avenue towards ensuring 
interventions are better targeted is improving methods for identifying young children at risk 
of persisting language problems (Bishop, 2014). In the area of early identification, previous 
population-based studies have investigated two key avenues to predict children most at 
risk of persisting language difficulties: the identification of risk factors that influence 
language outcomes and the use of universal screening. These two avenues are discussed 
in more detail below, and provide the background to Chapters 2, 3 and 4 of this thesis. 
1.3.1 The identification of risk and protective factors that influence language 
outcomes in population-based samples  
Identifying early life characteristics that are predictive of a child’s risk of poor 
language outcomes has received increased attention. In this manner, a number of 
population-based studies have used multifactorial models that incorporate a range of 
familial, demographic, perinatal, and developmental measures to predict language 
outcomes (Duff, Reen, Plunkett, & Nation, 2015). This work has largely focused on 
identifying the early life characteristics influencing language outcomes when language 
performance is measured at one point in time. For example, studies have investigated 
predictors of: late talking (Reilly et al., 2007; Zubrick et al., 2007), children presenting with 
early receptive vocabulary delays (Harrison & McLeod, 2010; O'Callaghan et al., 1995), or 
language impairment more generally (Tomblin, Smith, et al., 1997). A review of these 
studies is provided in Chapters 2 and 3. The overwhelming conclusion which can be drawn 
is that there is considerable variability between studies of the early life factors that are 
most predictive of language outcomes. 
As previously mentioned, there is fluctuation in language development particularly 
in the preschool years. A small number of studies have tried to capture specific risk factors 
influencing variation in language outcomes by considering language performance at two or 
more time points. The few, more recent, studies to do this have investigated the factors 
influencing both language growth and language change using data from population-based 
studies. Language ‘growth’ focuses on the variation in a child’s continuous language 
scores on the same measure across multiple assessment points. For example, Taylor et 
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al. (2013) examined predictors of vocabulary growth from 4 to 8 years in the LSAC cohort 
and identified socioeconomic disadvantage as the only risk factor associated with a lower 
rate of receptive vocabulary growth during this developmental period. While this 
methodological approach is important, studies investigating predictors of growth (McKean 
et al., 2015; Rice & Hoffman, 2015) do not capture whether language performance was 
typical or delayed at the subsequent assessment points, and thus conclusions cannot be 
drawn as to whether the presence of identified risk factors should result in delivery of 
targeted early intervention services to these children. On the other hand, studies 
investigating predictors of language ‘change’ allow for a better understanding of which 
factors place a child at increased risk of persistent language difﬁculties by taking into 
account the known instability of children’s language trajectories. Studies considering 
change utilise an approach of categorising language performance at two (or more) time 
points as ‘typical’ or ‘delayed’ to then investigate the predictors of these changing 
language profiles (Law et al., 2012; Ukoumunne et al., 2012; Zambrana, Pons, Eadie, & 
Ystrom, 2014). As highlighted further in Chapters 2 and 3, these previous studies have 
focused on the predictors of language change across the preschool years although it 
remains unclear how this prediction changes for children who will go on to have longer-
term problems into the school-age years (Bishop, Snowling, Thompson, & Greenhalgh, 
2016). 
1.3.2 The use of developmental screening for predicting language outcomes 
Another approach to the earlier detection of language difficulties in childhood is the 
use of developmental screening (e.g. Nelson, Nygren, Walker, & Panoscha, 2006; Wallace 
et al., 2015). While the identification of risk factors is largely aimed at understanding more 
about the role of both environmental and child-related influences on language 
development, screening typically focuses solely on the child’s level of ability in a specific 
area. For example, the LDS is solely a measure of expressive language ability. 
Alternatively, other screening tools are designed to capture a child’s development across a 
number of domains. For example, the ASQ (formally known as the Infant Monitoring 
Questionnaire, Squires, Bricker, & Potter, 1990) includes several subscales encompassing 
fine and gross motor, communication, personal-social, and adaptive behaviours. The 
information obtained from screening tools is then often used to guide whether further 
assessment, monitoring, or even early intervention is needed (Klee, Carson, Garvin, & 
Hall, 1998).  
10 
 
The purpose of screeners is to reach the majority of children and for this reason 
parent-report screening instruments are commonly used as they are designed to be quick, 
easy for parents to complete unassisted, efficient for clinicians to score, and less resource 
and time intensive for clinicians and families than face-to-face assessments (Sachse & 
Von Suchodoletz, 2008). Furthermore, effective screening practices at a population level 
have many potential advantages including the identification of children whose difficulties 
might otherwise go undetected, and also detecting children earlier before their difficulties 
with language become more noticeable (and engrained), such as when they commence 
school. However, despite these potential benefits, there are limitations to existing 
screening methods which call into question their effectiveness in terms of early 
identification practices for children at risk of persistent difficulties (Nelson et al., 2006; 
Wallace et al., 2015; Warren et al., 2016). Evidence from a recent systematic review 
suggests the current recommendation is against universal screening for speech and 
language delay in the absence of any concerns about the child’s development from those 
people closest to the child (Wallace et al., 2015). This recommendation is based on the 
known variability that exists in language development particularly in the preschool years, 
and the lack of adequate sensitivity and specificity of screening tools for predicting longer-
term problems (Bishop, Snowling, Thompson, & Greenhalgh, 2016).  
To extend on previous work of developmental screening, Chapter 4 applies a 
different approach to investigate whether early screening instruments can successfully 
predict future language status. This is achieved by considering a child’s broader 
developmental ability and by using more advanced statistical analysis procedures. As 
discussed in more detail in Chapter 4, this rationale stemmed from a recent emphasis in 
the consideration of other developmental interactions within the child themselves which 
may influence the patterns of language development observed in early childhood. This 
previous work has focused on child-related influences including the impact of behaviour 
and also motor skills on language outcomes (Law, Rush, Parsons, & Schoon, 2013; 
McKean et al., 2015; Taylor et al., 2013; Wang, Lekhal, Aarø, & Schjølberg, 2014; Zubrick 
et al., 2007). The results from these previous studies suggest that more general 
developmental abilities may confer the risk for poor language outcomes. Chapter 4 
extends on this previous work by employing a different approach to developmental 
screening to further examine the role of neurodevelopmental indicators as possible risks 
for poor language outcomes. Traditionally, parent responses on screening instruments are 
combined to give an overall indication of a child’s ability in each respective domain. Thus, 
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while the above studies show that impaired motor function or behavioural abnormalities in 
early life may act as a precursor to problems with language acquisition (Viholainen et al., 
2006), it is unclear whether there are certain skills within each domain that are driving the 
identified associations. As discussed further in Chapter 4, machine learning algorithms 
provide an opportunity to explore whether a child’s reported ability on individual questions 
across communication, motor, social, and adaptive domains can be used as more 
sensitive indicators for detecting risk of long-term language weakness.   
1.3.3 Summary of current practices for improving early identification of language 
difficulties  
The importance of childhood oral language skills for the development of many other 
learning areas is well established. Early intervention in the first five years of development 
has been considered paramount for improving language and preventing the known 
adverse long-term outcomes associated with language difficulties (Warren et al., 2016). 
However, the variability that exists in language development in both early childhood and 
the school-age years, means it is difficult for clinicians to know who will benefit the most 
from these early intervention services. Thus, improved methods for the detection of 
children at risk of persisting language difficulties are warranted. More specifically, further 
research is needed to determine whether there are characteristics that identify those 
children whose language is likely to ﬂuctuate (deteriorating or improving) compared with 
children whose language trajectories appear stable (consistently typical or low language) 
(Reilly, Tomblin, et al., 2014). On this basis, three chapters of the current thesis aim to 
address this gap by investigating early life characteristics present in the first five years of 
development which influence language outcomes. Chapters 2 and 3 examine whether 
parental, family, and child factors present at 2 and 5 years predict the different patterns of 
change in language ability for children. Chapter 4, on the other hand, uses machine 
learning algorithms and aims to advance the current knowledge base surrounding the use 
of early screening practices for detecting children at risk of poor language outcomes. 
1.4 Understanding the long-term psychosocial outcomes of language impairment 
One of the questions commonly faced by speech language pathologists relates to 
the long-term impact of early language delays on children and their families. More 
specifically, questions arise as to whether initial difficulties in language acquisition are 
indicative of persisting problems in the school years and beyond. Moreover, concerns exist 
as to the long-term implications for language problems on other areas of functioning. For 
this reason, the long-term outcomes for language impaired populations have been 
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comprehensively explored across many life domains using both clinical and population-
based samples. The following section reviews the relevant literature on the developmental 
outcomes for late talkers, children with vocabulary delay, and also children with DLD, and 
highlights the current gaps in the evidence base that will be addressed by Chapters 5 and 
6 of this thesis. 
1.4.1 Outcomes for children with a history of late talking  
As discussed earlier in this chapter (see section 1.2.1), children with limited 
expressive vocabularies or no word combinations at 2 years of age are commonly referred 
to as late talkers. Long-term outcomes for late talkers is an area of interest for 
researchers, clinicians and parents alike. There is extensive evidence that a large 
proportion of late talkers perform within the average range on standardised tests of 
language ability by middle childhood (see Rescorla, 2011 for a comprehensive review). 
However, a close inspection of results reveals that, as a group, these children continue to 
score lower on these standardised language assessments compared to peers with typical 
language histories (Paul, Murray, Clancy, & Andrews, 1997; Rice et al., 2008). This finding 
suggests that many late talkers may not achieve levels of language proficiency that are 
characteristic of peers who were not late talkers (Paul et al., 1997; Rescorla, 2005, 2009; 
Thal, Marchman, & Tomblin, 2013). This continued risk for vulnerability in language and 
language-related skills, coupled with the importance of adequate language for the 
development of many other aspects of human behaviour, has led to research investigating 
the long-term prognosis for late talkers across a number of developmental domains. These 
domains have included, for example, profiling the literacy, academic, behavioural, and 
social outcomes for the late talking population.  
There is evidence from both population-based and clinical samples that children 
with a history of late talking are at risk of poorer literacy and academic outcomes. For 
example, Poll and Miller (2013) utilised data from the National Institute of Child Health and 
Human Development’s Study of Early Childcare and Youth Development (n = 313) and 
investigated the academic outcomes at 8 years for children who would, and would not, 
have been classified as late talkers at 2 years. The findings arising from Poll and Miller’s 
study showed that while late talking status was not related to weak word reading ability, it 
was significantly associated with increased risk of poor reading comprehension and weak 
mathematic skills at 8 years of age. Further, Rescorla (2000, 2005, 2009) reported on 
longitudinal data from a clinical sample of late talkers. While, results must be interpreted 
with caution as they are not directly comparable to large population-based studies as the 
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results are based on a small sample size (n = 40 late talkers, n = 39 typical toddlers), it is 
one of the few longitudinal studies to profile the language and literacy outcomes for late 
talkers over a 15-year period. In terms of the literacy outcomes, Rescorla demonstrated 
that children with a history of late talking showed significantly weaker decoding skills at 9 
years compared to peers with typical language histories (Rescorla & Achenbach, 2002). 
While this difference in decoding did not remain at 13 years, those with a history of late 
talking were at increased risk of significantly weaker reading comprehension scores 
(Rescorla, 2005).  
Another area of development that has been considered as an outcome for the late 
talking population is behaviour. One study to investigate the impact of early language 
delays on behavioural outcomes using longitudinal data was conducted by Whitehouse, 
Robinson, et al. (2011). These authors utilised data from the Western Australian 
Pregnancy Cohort (Raine) study, to profile the behavioural and emotional skills of late 
talkers during childhood and adolescence. While at 2 years, late talkers were at a higher 
risk of clinically significant levels of internalising and externalising problems, this 
association did not remain at 5-, 8-, 10-, 14-, or 17- years.  
In considering social skill development, studies have also shown an association 
between early language delays and poor social development. For example, Irwin, Carter, 
and Briggs-Gowan (2002), focused on a small sample of late talkers (n = 14) but found at 
2 years of age, late talking toddlers were less interested in play, demonstrated lower 
socialisation on the Vineland Adaptive Behaviour Scales (Sparrow, Balla, & Cicchetti, 
1984), and appeared to perform more poorly in social relatedness, pretend play and 
compliance, compared to typically developing toddlers (n = 14). Thus, the authors 
concluded that early lags in language were associated with poorer social-emotional 
adjustment. This finding was further supported by Longobardi, Spataro, Frigerio, and 
Rescorla (2016) who also reported that, in their larger sample of 268 toddlers (aged 18-30 
months), language skills played a critical role in social adjustment. However, few studies 
have investigated the long-term social outcomes for late talkers beyond this toddler period.  
One of the reasons for improving the understanding of the association between 
early language ability and social and behavioural performance stems from the known 
relationship that exists between early language delays and later diagnosis of ASD 
(Buschmann et al., 2008; Wheelwright, Auyeung, Allison, & Baron-Cohen, 2010). Thus, it 
has become important for studies to profile ‘pure’ late talkers with language lags that are 
not due to a known cause in comparison to those children whose early language delays 
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are actually symptomatic of ASD (Rescorla & Dale, 2013). This knowledge has important 
implications in terms of early identification and subsequent intervention for these children, 
particularly in times of differences in intervention approaches and funding provisions for 
both populations (Bishop & Morty, 2010). Studies in this area have concentrated on 
investigating outcomes of early language delays in terms of ASD diagnoses (Charman, 
Drew, Baird, & Baird, 2003), while other research has focused on the role of early 
language ability as antecedents of later autistic-like traits. This focus on autistic-like traits 
has arisen from recent research showing ASD-like features across large community 
samples, providing support for a continuum of autistic-like traits across the general 
population, with clinical ASD representing the extreme end of the distribution (Palmer, 
Paton, Enticott, & Hohwy, 2015; Ruzich et al., 2015). For this reason, studies have 
attempted to identify developmental factors associated with autistic-like traits with the 
overall aim of providing important insights into the mechanisms that underpin the clinical 
condition. As discussed in more detail in Chapter 5, the relationship that exists between 
early language delays and ASD has led to the consideration of early language ability as a 
predictor of autistic-like traits in population-based samples (Bolton, Golding, Emond, & 
Steer, 2012; Dworzynski et al., 2007). These two studies conducted to date, have reported 
associations between early language ability and the levels of autistic-like traits present in 
middle childhood (Bolton et al., 2012; Dworzynski et al., 2007).  
Overall, it remains evident that vulnerability remains for late talkers in terms of 
language, literacy, academic, and social outcomes, and the implications extend to other 
areas of development including the presence of higher levels of autistic-like traits. 
However, the majority of research has focused on outcomes for the late talking population 
into the pre-adolescent years, with only a handful of investigations following late talkers 
into adolescence (Rescorla, 2009; Whitehouse, Robinson, et al., 2011), and no studies 
have tracked their outcomes into adulthood. Thus, further understanding of the long-term 
prognosis for late talkers into the adult years is warranted and this rationale forms the 
basis for Chapter 5.  
1.4.2 Outcomes for children with a history of vocabulary and language delays 
Research has also focused on the long-term psychosocial outcomes that are 
associated with vocabulary and language delays which are identified at school entry. 
Firstly, studies focusing solely on vocabulary knowledge, for example, have utilised data 
from the 1970 British Cohort Study which comprised all children born during one week in 
1970 across England, Wales, and Scotland (n = 17,196) (Law, Rush, Schoon, & Parsons, 
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2009; Parsons et al., 2011; Schoon et al., 2010). As part of the 1970 British Cohort Study, 
receptive vocabulary skills were measured at 5 years using the English Picture Vocabulary 
Test. The subsequent literacy, educational, vocational, and mental health outcomes at 34 
years were then examined. The findings of these studies arising from the British Cohort 
Study provide evidence that early receptive vocabulary delays at 5 years of age were 
associated with increased risk for poor literacy, higher rates of unemployment, and 
reduced mental health outcomes at 34 years of age (Parsons et al., 2011; Schoon et al., 
2010).  
Poorer outcomes across academic, literacy, social, mental health, and vocational 
domains have also been reported for children who presented with more generalised 
language impairment when measured at school entry and beyond (see Conti-Ramsden & 
Durkin, 2016 for a comprehensive review). For example, findings from the Manchester 
Language Study (n = 242) have provided strong evidence of the impact of language 
impairment on numerous outcomes during the school years and post-secondary 
education. These disadvantageous outcomes have included increased risk of social 
problems (Botting & Conti‐Ramsden, 2008; St. Clair, Pickles, Durkin, & Conti-Ramsden, 
2011), lower performance on standard curriculum tests (Conti-Ramsden, Durkin, Simkin, & 
Knox, 2009) and increased risk of not being engaged in education, employment or training 
at 19 years (Conti-Ramsden & Durkin, 2012). In looking more specifically at mental health 
outcomes, higher rates of anxiety and depression have also been shown at 16 years of 
age in the Manchester Language Study (Conti-Ramsden & Botting, 2008). Furthermore, 
results from another cohort, the Ottawa Language Study (n = 284), have provided 
additional evidence of the association between early language delays and risk for 
psychiatric disorders up to 19 years of age (Beitchman et al., 2001), although this 
association did not remain at 31 years in this cohort (Beitchman, Brownlie, & Bao, 2014).  
Longitudinal studies, including both population-based and clinical samples, provide 
a wealth of knowledge showing the effects of early vocabulary and language delays on 
numerous areas of functioning, with this long-term impact evident into the adult years. 
However, as highlighted earlier in this chapter, there is substantial variability in language 
performance in early childhood and the school-age years. Thus, not all of the children with 
early language delays would have had persisting language difficulties at the time of follow-
up. In a similar fashion, the outcomes for the group of children who present with 
deteriorating language profiles (i.e. typical language at school entry but then show 
language difficulties at a later assessment point) are not captured in study designs which 
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only measure early language ability. Despite this known developmental fluctuation, few 
longitudinal outcome studies have re-assessed language status at the time of follow-up to 
ascertain how change in language may influence outcomes. As discussed in detail in 
Chapter 6, Beitchman et al. (1996) and Snowling, Adams, Bishop, and Stothard (2001) are 
two of the only studies that have investigated the influence of changing profiles on 
psychiatric and educational outcomes, respectively. Firstly, Beitchman et al. (1996) utilised 
the Ottawa Language Study to investigate the impact of change in language performance 
from 5 to 12.5 years (n = 215) on rates of psychiatric diagnoses in children. The findings 
arising from the Ottawa Language Study revealed that earlier language ability (i.e., at 5 
years), rather than current language functioning at 12.5 years, influenced the rate of 
psychiatric symptoms experienced during childhood. On the other hand, Snowling et al. 
(2001) examined the outcomes at 15 years for a sample of speech-language-impaired 
children (n = 71) who were initially recruited and assessed by Bishop and Edmundson 
(1987). Snowling and colleagues reported that children with language delays at 5 years 
whose language difficulties had resolved by 15 years were academically comparable to 
the children who had consistently typical language skills. However, Snowling et al. (2001) 
did not identify children in their cohort with deteriorating language profiles, and thus the 
educational outcomes for this particular subgroup are not known. 
These aforementioned studies provide preliminary evidence of the outcomes 
associated with changes in language profiles across childhood. However, there are 
several opportunities for further research. Firstly, a gap remains for understanding long-
term educational outcomes in an Australian context as there are differences in the United 
Kingdom’s educational system, particularly post-school transitions, which may in turn 
influence the interpretation of educational and employment outcomes for other countries. 
Secondly, while studies have profiled the long-term outcomes for children with early 
language delays into adulthood, similar outcomes associated with changing language 
profiles have not been explored beyond the adolescent period. Thus, Chapter 6 of this 
thesis extends on this previous work and addresses these gaps in the evidence base by 
comparing the impact of change in developmental vocabulary profiles from school entry to 
adulthood on the educational, vocational and mental health experiences in a population-
based cohort study.  
1.5 Aims and rationale of the current thesis 
This introductory chapter has provided extensive evidence of the importance of 
successful childhood language acquisition as the foundation for the development of many 
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other skills. Further, it has highlighted that variability exists in language development 
creating uncertainty as to which children are at risk of persistent language delays and 
therefore in need of early intervention services as opposed to those whose language will 
normalise without intervention. It is also evident from this review that, while there is 
existing knowledge of the potential predictors and outcomes associated with early 
language delay, less is known of the predictors and outcomes of the variability in language 
development. Therefore, this thesis extends previous research by addressing the following 
two overarching aims. The first aim of this thesis is to investigate the early life 
characteristics that place children at risk for poor language outcomes; and the second aim 
is to understand further the long-term social, educational, vocational, and mental health 
outcomes for language impaired populations. To address these aims, two large Australian 
birth cohort studies are used, the Mater-University of Queensland Study of Pregnancy 
(MUSP) and the Western Australian Pregnancy Cohort (Raine) Study. Gatekeeper 
approvals to access the MUSP and the Raine data for this thesis project were received 
from the relevant committees. Further, this thesis received ethical approval from the 
University of Queensland Medical Research Ethics Committee (MREC). 
The MUSP study originated in Brisbane, Australia. The initial phase of data 
collection commenced between 1981 and 1984 and 7,223 pregnant women enrolled in the 
study. Later phases have collected data on both the mother and her child at various times 
after the children were born, including when the offspring were 6 months, 5-, 14-, 21-, and 
now 30- years of age (see Najman et al., 2015 for a comprehensive description of the 
MUSP cohort). Overall, the focus of the MUSP study has been on obstetric outcomes, 
determinants of health and well-being over the life course, behaviour problems from 
childhood to adulthood, and profiling mental and physical health inequalities over time. 
This thesis utilised the data available at the first clinic visit, and the 5- and 21- year follow-
ups.  
The Raine Study commenced in Perth, Australia between 1989 and 1991. It initially 
commenced as a cohort study for profiling how events during pregnancy and childhood 
influence health in later life. Pregnant women (n = 2,868) were recruited into the Raine 
Study with these mothers and their offspring being followed up at the birth of the study 
child, and when the child was 1-, 2-, 3-, 5-, 8-, 10-, 14-, 17-, 18-, 20-, and 22- years of age 
(see Straker et al., 2017 for a full description of the Raine Study). The information 
collected, and assessments completed at the first clinic visit, 1-, 2-, 3-, 10-, and 20- years 
were the focus of this thesis.  
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Further, for the purposes of the current thesis, the MUSP and Raine cohorts were 
restricted to only individuals where English was reported to be the primary language 
spoken at home. This exclusion of children for whom English was an additional language 
was chosen because language acquisition for multilingual children has been shown to 
follow a different developmental trajectory to monolingual children (i.e. language 
knowledge is distributed across at least two languages for multilingual children compared 
to only one language for monolingual children) (Hemsley, Holm, & Dodd, 2006). Further, 
the current recommendation is that when determining language competence in children 
who are multilingual, child performance across both languages should be considered so 
that assumptions are not made by documenting only part of their linguistic knowledge 
(O'Toole et al., 2016). Thus, non-monolingual children were excluded from the current 
study to ensure the identified predictors and outcomes were not confounded by different 
developmental profiles that are known to exist in populations in which English is not the 
only language spoken in the home environment. 
The remaining chapters of this thesis address the following research aims. 
Chapters 2 and 3 aim to identify early life characteristics which predict whether children’s 
language difficulties are persistent, transient or have a later onset. Applying the same 
methodological design across both chapters, Chapter 2 investigates the parental and early 
childhood risk factors that are associated with distinct changes in receptive vocabulary 
performance from 5 to 21 years in the MUSP. Chapter 3 focuses on the early predictors of 
developmental language profiles from 2 to 10 years in the Raine Study. Thus, more 
specifically, both Chapters 2 and 3 address the following two research questions: (i) what 
are the early risk factors impacting language outcomes for children who show deteriorating 
language profiles compared to children showing consistently typical language skills? and 
(ii) what are the early life risk factors for children showing consistently low language skills 
compared to those children whose early delays improve? 
Chapter 4 focuses on a range of neurodevelopmental indicators at 3 years of age 
as possible predictors of poor language outcomes at 10 years. More specifically, Chapter 
4 aimed: (i) to assess the accuracy of the communication subscale (of the Infant 
Monitoring Questionnaire; IMQ) at 3 years to predict language outcomes at age 10 years 
when using traditional logistic regression models, (ii) to evaluate whether there is any 
improvement in the predictive ability of the communication subscale on language 
outcomes when applying machine learning algorithms, and (iii) to test whether the 
inclusion of communication subscale items as well as broader IMQ data relating to motor 
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skills, adaptive skills, and social skills, improves the overall predictive ability of the 
machine learning models. 
Chapters 5 and 6 then examine the adult psychosocial outcomes associated with 
language ability in two different language impaired populations. Firstly, Chapter 5 
investigates the long-term prognosis for late talkers in adulthood by addressing the 
following two research questions: (i) is there an association between vocabulary size at 2 
years and the level of autistic-like traits in adulthood? and (ii) is there an association 
between late talking status and high levels of autistic-like traits in adulthood? Finally, 
Chapter 6 extends on the design of Chapter 2 by investigating the educational, 
employment, and mental health outcomes for adults with consistently low, improved, and 
deteriorated vocabulary skills compared to adults showing consistently typical skills. 
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2 Chapter 2: Predicting receptive vocabulary change from childhood to adulthood: 
A birth cohort study 
 
 
Previous cohort studies have focused on identifying factors that increase a child’s risk of 
vocabulary delays at school entry. However, there has been less emphasis on identifying 
the risk factors contributing to change in vocabulary knowledge over time. Therefore, this 
chapter aimed to investigate the parental and early childhood factors present at or prior to 
5 years that are associated with receptive vocabulary developmental profiles from school 
entry to adulthood. The content of this chapter has been published in a manuscript 
entitled: “Predicting receptive vocabulary change from childhood to adulthood: A birth 
cohort study” in the Journal of Communication Disorders (Armstrong, Scott, et al., 2016). 
See Appendix A for URL link to published manuscript)3 
                                            
3 The content included in Chapter 2 is identical to the accepted manuscript except for 
some minor changes. Firstly, the manuscript has been modified to match the formatting of 
this thesis document. As such, the number, size and positioning of figures and tables is 
different to that of the published version. Secondly, the label given to the vocabulary 
trajectory groups has been modified to be consistent with the remainder of the thesis 
document. Thirdly, Table 2.2 has been included in the main text of this chapter. However, 
it is presented as online supplemental material in the published manuscript. Finally, the 
rationale for excluding children from non-English Speaking backgrounds has been reduced 
to minimise repetition from the Introduction chapter. 
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2.1 Abstract 
 
This study examined the parental and early childhood risk factors of different receptive 
vocabulary developmental profiles from childhood to adulthood. The sample (n = 1,914) 
comprised of monolingual English speaking participants from the Mater-University of 
Queensland Study of Pregnancy (MUSP). Receptive vocabulary was measured using the 
Peabody Picture Vocabulary Test-Revised (PPVT-R) at the 5- and 21- year follow-ups. 
Four vocabulary profiles were evident: consistently typical, consistently low, deteriorated, 
and improved. The presence of internalising problems at 5 years, lower paternal 
educational attainment, and maternal smoking during pregnancy were associated with 
deteriorated vocabulary skills. These findings have clinical and educational implications for 
identifying children at risk of later deterioration in language skills.  
 
Keywords: vocabulary, language, children, longitudinal, MUSP, predictors, risk factors, 
epidemiology 
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2.2 Introduction 
Receptive vocabulary skills provide a foundation for the development of language, 
with vocabulary size being strongly associated with general intelligence, reading ability, 
reading comprehension, and school success (Ricketts, Nation, & Bishop, 2007). Findings 
from population-based studies suggest 12-15% of 5-year-old children have delays in 
receptive vocabulary skills (Harrison & McLeod, 2010; O'Callaghan et al., 1995). Given this 
high prevalence, previous work has examined the underlying parental, family and child 
factors which influence receptive vocabulary development at 4-5 years of age. These 
studies have utilised data collected from the Mater-University of Queensland Study of 
Pregnancy (MUSP; Lawlor et al., 2006; O'Callaghan et al., 1995), the Longitudinal Study 
of Australian Children (LSAC; Harrison & McLeod, 2010; Taylor et al., 2013), the Ottawa 
Language Study (Beitchman et al., 2008) and the 1970 British Cohort Study (Law, Rush, 
et al., 2013). The studies’ findings, discussed further below and summarised in Table 2.1, 
show that vocabulary acquisition varies widely as a result of individual differences across a 
range of childhood environmental factors.  
The influence of maternal and paternal characteristics on child language 
performance has been comprehensively explored across these cohort studies. There is 
consistent evidence that low maternal educational attainment is a risk factor for delayed 
receptive vocabulary skills at 4-5 years of age (Beitchman et al., 2008; Lawlor et al., 2006; 
O'Callaghan et al., 1995; Taylor et al., 2013), whilst higher levels of maternal education are 
protective against delays (Harrison & McLeod, 2010; O'Callaghan et al., 1995). There is 
mixed evidence with respect to the role of paternal educational attainment and receptive 
vocabulary knowledge. Lawlor et al. (2006), for example, reported that paternal education 
was an independent risk factor for lower vocabulary scores in the MUSP cohort whilst 
Harrison and McLeod (2010) found the association between low paternal educational 
attainment and vocabulary was not significant in the LSAC cohort after adjusting for other 
factors. The findings regarding maternal age are also inconsistent, however this could be 
attributed to differences in categorisation across studies. Being a teenage parent was 
found to be a risk factor for delayed vocabulary skills in the MUSP cohort (O'Callaghan et 
al., 1995). By contrast, Taylor et al. (2013) found teenage parenthood was associated with 
lower vocabulary knowledge in the LSAC cohort at the bivariate level, however, this 
association did not remain in the multivariable model when adjusted for other risk factors. 
Harrison and McLeod (2010) also utilised the LSAC data but included maternal age as a 
continuous variable and found that being older at the birth of the child was a protective 
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factor against vocabulary delays. No studies have explored the association between 
paternal age and vocabulary performance.  
Another maternal characteristic considered as a possible risk factor for early 
vocabulary delays is the languages spoken at home. Offspring of mothers from a non-
English Speaking Background (NESB) have been shown to be at increased risk for 
vocabulary delays in both the LSAC and MUSP cohorts (Harrison & McLeod, 2010; 
O'Callaghan et al., 1995; Taylor et al., 2013), supporting theories of variation in language 
development when more than one language is spoken at home (e.g. Hemsley et al., 
2006). In looking at the influence of maternal mental health in the LSAC cohort, higher 
levels of psychological wellbeing were protective against vocabulary delays in the study 
conducted by Harrison and McLeod (2010), with maternal mental health distress serving 
as a risk factor in Taylor et al. (2013) study. Finally, there have been mixed findings in 
relation to the impact of cigarette use in the LSAC cohort, with Harrison and McLeod 
(2010) reporting increased risk of vocabulary delay if either parent reported smoking in the 
household, whereas Taylor et al. (2013) found children who had mothers that were current 
smokers were not at increased risk of lower vocabulary skills at 4 years of age. Again 
these contrasting findings, emerging from the same dataset (LSAC), may be explained by 
subtle differences in the categorisation of smoking in the household where both parents 
smoking in the household posed more of a risk for vocabulary delay than maternal 
smoking alone.  
In relation to the familial environment, studies have investigated the influence of 
income, family size and structure on vocabulary ability and, similar to parental 
characteristics, contrasting findings across studies are present. Most studies have shown 
consistent evidence that children from families with lower income are at increased risk of 
early vocabulary delays (Lawlor et al., 2006; O'Callaghan et al., 1995; Taylor et al., 2013). 
In support of this, Harrison and McLeod (2010) reported that higher household income was 
a protective factor in the LSAC cohort. However, in the Ottawa Language Study Beitchman 
et al. (2008) reported that the association between family income and vocabulary delays 
was not significant once other variables were accounted for. Increased family size at birth 
of the child is also a significant risk factor for early vocabulary delays (Harrison & McLeod, 
2010; O'Callaghan et al., 1995; Taylor et al., 2013), while the evidence of an association 
between family structure (e.g. sole parent) and vocabulary delays is inconsistent with 
some (Beitchman et al., 2008; Law, Rush, et al., 2013) but not other studies (O'Callaghan 
et al., 1995; Taylor et al., 2013) showing an association. 
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Table 2.1 Summary of predictor variables influencing receptive vocabulary performance at 4 to 5 years of age: Evidence from 
multivariable models 
 Parental factors 
Study Age Maternal 
education 
Paternal 
education 
Ethnicity Mental 
health 
NESB Cigarette 
Use 
Employ-
ment 
Alcohol 
Use 
Beitchman et al. (2008)a N R - - - - - - - 
Harrison and McLeod 
(2010)b 
P P N N P R R - - 
Law et al. (2013)c - R - - - - R - - 
Lawlor et al. (2006)d N R R R - - N - - 
O’Callaghan et al. 
(1995)d 
R R - N - R - - - 
Taylor et al. (2013)b N R - N R R N N N 
 Family-related factors 
Study SES Finance 
hardship 
Siblings Home 
learning 
TV 
viewing 
Family 
structure 
Read to 
child 
Child 
care 
Parenting 
style 
Beitchman et al. (2008) N - - - - R - - - 
Harrison and McLeod 
(2010) 
P N R P N - - - - 
Law et al. (2013) - - - - - R R R - 
Lawlor et al. (2006) R - - - - - - - - 
O’Callaghan et al. 
(1995) 
R R R - - N - - - 
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Note. NESB = Non-English Speaking Background; N = no effect; R = risk factor; “-” = not studied; P = protective factor; SES = 
socioeconomic status. 
a Ottawa Language Study. b Longitudinal Study of Australian Children. c1970 British Cohort Study. d Mater-University of Queensland 
Study of Pregnancy. e Includes pregnancy complications, miscarriages and antenatal admissions. f Includes gestational age, birth weight 
and foetal distress during pregnancy. g Includes Apgar score and time in intensive care. 
 
 
 
 
 
Taylor et al. (2013) R N R - - N R N R 
 Child-related factors 
Study Male Antenatale Perinatalf Neonatalg Breastfed Hearing Behaviour School 
readiness 
 
Beitchman et al. (2008) - - - - - - - -  
Harrison and McLeod 
(2010) 
R - N N N N R -  
Law et al. (2013) P - R - - - R -  
Lawlor et al. (2006) R - N N R - - -  
O’Callaghan et al. 
(1995) 
R N N N - - - -  
Taylor et al. (2013) N - R - - - R R  
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Finally, child-related factors have been of particular interest for researchers in 
determining children most at risk of vocabulary delays. There is mixed evidence regarding 
the relationship between sex and receptive vocabulary knowledge. Both Harrison and 
McLeod (2010) and O'Callaghan et al. (1995) found boys were significantly more likely to 
have receptive vocabulary delays than girls in the LSAC and MUSP cohorts, respectively. 
Law, Rush, et al. (2013), however, reported that girls in the 1970 British Cohort Study were 
at a higher risk of delays at 5 years compared to boys. Low birth weight appears to be the 
only significant birth-related factor associated with delayed vocabulary skills (Law, Rush, et 
al., 2013; Taylor et al., 2013). Finally, child behaviour also appears to be associated with 
vocabulary development, with studies using LSAC data showing children with a more 
reactive temperament were at a higher risk of vocabulary delays, whilst children with 
sociable and persistent temperaments were less likely to have vocabulary delays (Harrison 
& McLeod, 2010; Taylor et al., 2013). 
The above review highlights the range of risk and protective factors influencing the 
development of early vocabulary skills. It is important to recognise, however, that there is 
significant fluidity in language development during childhood. Early difficulties do not result 
in persisting delays for all children, with some children showing improvement in their 
language skills during the preschool and school years to later perform within the average 
range on standardised assessments (e.g. Rice et al., 2008; Zambrana et al., 2014). 
Further, for some children it is a later onset of difficulties (referred to hereafter as 
‘deteriorated’ skills) which is the cause of concern as they show typical performance early 
in childhood, and then perform below the average range on standardised assessments at 
a later time point (e.g. Dale et al., 2003; Law et al., 2012; Poll & Miller, 2013). Thus, one 
important question is what contributes to whether language difficulties are persistent, 
transient or have a later onset? 
This question has been investigated using cohort studies to explore the natural 
development of language during early childhood and preschool years (Dale et al., 2003; 
Law et al., 2012; Ukoumunne et al., 2012; Zambrana et al., 2014). These studies have 
previously examined changes in language profiles and investigated the risk factors for 
children showing persistent, deteriorated, and improved language skills during the 
preschool years. However, direct comparison of the results across these studies is difficult 
due to the different reference groups, criteria for language delay or difficulties, and the risk 
factors included in each analysis, which has resulted in a variety of characteristics 
identified to distinguish between those showing vulnerable and resilient language profiles. 
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Despite these differences, one striking similarity across the studies is the variability in 
language status (typical vs delayed) for young children. For example, Dale et al. (2003) 
used data from the Twins Early Development Study (TEDS) and found that of the children 
who presented with early language delays at 2 years, 40.2% showed persisting language 
delays at 4 years, which provides some evidence towards children showing both 
spontaneous improvement in language development during early childhood, as well as risk 
of persisting delays. However, studies examining changes based on children’s language 
skills at school entry, show less variability with a higher proportion of children showing 
persisting language impairment (Baker & Cantwell, 1987; Beitchman et al., 1994). For 
example, Beitchman et al. (1994) found that approximately 72% of children who 
demonstrated speech or language difficulties at 5 years continued to show 
speech/language impairments at 12.5 years suggesting that fewer children improve if their 
language delays persist beyond school entry. However, previous studies that have 
categorised changes in language performance beyond 5 years of age have not 
comprehensively examined the risk factors for these changes in language skills.  
Other studies in this area have attempted to explore the predictors of growth in 
receptive vocabulary from childhood into adulthood (Beitchman et al., 2008; Rice & 
Hoffman, 2015; Taylor et al., 2013). Taylor et al. (2013) focused on vocabulary growth 
from 4 to 8 years in the LSAC cohort, and included a wide range of potential factors which 
may influence growth over this four-year period. Interestingly, socioeconomic area 
disadvantage was the only risk factor associated with a slower rate of growth. Rice and 
Hoffman (2015), on the other hand, investigated vocabulary growth from 2 to 21 years in 
children with and without Specific Language Impairment (SLI). These authors focused on 
the influence of fewer risk factors (compared to Taylor et al., 2013), however they did find 
that children with higher non-verbal IQ and those with mothers who had higher levels of 
education demonstrated better vocabulary performance over time. Interestingly, sex 
differences were also apparent, with girls showing higher vocabulary scores from 3 to 4 
years, but then sex having an advantage for boys from 10 to 21 years. This provided 
evidence that sex may make unique contributions to language across a child’s 
development. In another cohort study, Beitchman et al. (2008) also investigated 
vocabulary change from childhood to adulthood (5 to 25 years), this time in children with a 
history of speech or language impairment compared with a typically developing control 
group. They found family income to be a significant predictor of vocabulary growth when 
considered separately, however, this association did not remain when other factors were 
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added to the model. Both Rice and Hoffman (2015) and Beitchman et al. (2008) found that 
whilst vocabulary acquisition continued into the adult years, vocabulary growth slowed 
significantly around 12 years of age.  
It is clear that language development can be variable over time, particularly during 
the preschool years (e.g. Dale et al., 2003), and previous work has documented the 
enduring nature of childhood language impairment when the problem persists beyond age 
5 (Beitchman et al., 1996; Bishop & Adams, 1990). More recently, cohort studies have 
provided further evidence of potential predictors of receptive vocabulary growth into the 
adult years (Beitchman et al., 2008; Rice & Hoffman, 2015). Despite the wealth of studies 
exploring predictors of early vocabulary delays as well as vocabulary growth, there is little 
research looking at the risk and protective factors of different vocabulary developmental 
profiles during the school years based on language performance at school entry. 
Therefore, it is not known whether early childhood factors, that have been shown to be risk 
or protective factors for early vocabulary delays, are also associated with the negative or 
positive directions of vocabulary development over the school years. Increasing our 
knowledge of these factors is important so as to learn more about the intrinsic 
mechanisms and external influences that drive longitudinal change in vocabulary 
knowledge. This may inform effective treatment and prevention programs in the preschool 
and school-age years (Rice & Hoffman, 2015).  
Thus, the aim of the present study was to extend previous research and investigate 
the predictors of change in receptive vocabulary from 5 to 21 years relative to a group 
whose performance does not change. More specifically, parental and early childhood risk 
factors were investigated for participants who show: (i) deterioration in their vocabulary 
skills compared to those individuals with consistently typical skills, and (ii) consistently low 
vocabulary skills over time in comparison to those individuals whose early delays improve. 
The current study focused on vocabulary development when English was the primary 
language spoken at home. This selection criterion was in contrast to other Australian 
studies using the same dataset, namely the MUSP cohort (O'Callaghan et al., 1995), as 
well as studies using the LSAC data (Harrison & McLeod, 2010; Taylor et al., 2013); 
however, it was in line with Beitchman et al. (2008), and Law, Rush, et al. (2013) who 
focused solely on children for whom English was the primary language spoken at home. 
As was highlighted in the Introduction chapter of this thesis, this distinction was made in 
the current study as language development has been shown to follow a different trajectory 
when more than one language is spoken at home (e.g. O'Toole et al., 2016).  
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2.3 Method 
2.3.1 Data 
The Mater-University of Queensland Study of Pregnancy (MUSP) is a prospective 
birth cohort study of mothers and their offspring who received antenatal care at the Mater 
Misericordiae Mothers’ Hospital, a major public hospital in Brisbane, Australia, between 
1981 and 1984. Baseline data were collected on 7,223 mothers and their singleton live-
birth offspring. This birth cohort was followed prospectively when the offspring were 6 
months, and at 5-, 14-, and 21- years of age. Full details of the MUSP study design and 
attrition have been described previously (Najman et al., 2015). The MUSP study received 
ethical approval from the University of Queensland Ethics Committee and the Mater 
Hospital for each phase of follow-up.  
2.3.2 Participants 
Only offspring who completed the Peabody Picture Vocabulary Test-Revised 
(PPVT-R; Dunn & Dunn, 1981) at both the 5- and 21- year follow-ups were included in the 
current analysis. As described earlier, the sample was further restricted to monolingual 
English-speaking children, as children with English as a second language are at risk, 
particularly in the early years, of lower language skills in English due to competing 
linguistic input, and acquiring English as a second language (Hemsley et al., 2006). 
Accordingly, participants were excluded from the current study if their mother reported 
having trouble understanding English at the first clinic visit. On this basis 99 participants 
were excluded. The selection of the present sub-sample and recruitment of the MUSP 
study are presented in Figure 2.1.  
2.3.3 Outcome measure 
Receptive vocabulary skills were measured in the MUSP cohort at the 5- and 21- 
year follow-ups using the PPVT-R. The PPVT-R is comprised of 175 stimulus words in 
which the respondent must identify which of four pictures depicts the word spoken by the 
examiner. It is correlated with measures of childhood intelligence and school achievement 
(Dunn & Dunn, 1981). Raw PPVT-R scores were converted to scores standardised for age 
in accordance with the test manual. Participants were considered to have low receptive 
vocabulary knowledge if their performance was 1 standard deviation (SD) or more below 
the mean (equivalent to standard scores less than 85). This cut-off is in line with standard 
clinical practice and previous research in the area (e.g. Harrison & McLeod, 2010; Schoon 
et al., 2010).  
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Figure 2.1 Recruitment and selection of the Mater-University of Queensland Study of 
Pregnancy (MUSP) cohort at initial intake, 5- and 21- year follow-ups. PPVT-R = Peabody 
Picture Vocabulary Test-Revised. 
 
Thus, a total of 1,914 (26.5%) members of the MUSP birth cohort were the focus of 
this study as they had completed the PPVT-R at both the 5- and 21- year follow-ups and 
met the inclusionary criteria for the current study. The mean age of the children included in 
the analysis was 5.5 years (SD = 0.36; range = 4.5–7.4) at the 5-year follow-up and 20.5 
years (SD = 0.81; range = 18.2–23.1) at the 21-year follow-up. There was variation in the 
ages of participants at each follow-up as they were enrolled over a three-year period but 
the follow-ups occurred over 12 months at 5 years and over 24 months at 21 years. At the 
5-year follow-up, 193 (10.1%) participants met the criteria for receptive vocabulary delays, 
with 125 (64.7%) of these participants being male. 
2.3.4 Operationalising the groups 
The study sample was then grouped according to their PPVT-R standard scores at 
the 5- and 21- year follow-ups, being either ‘typical’ or ‘low’. Accordingly, across the two 
assessment points, two groups showed stable patterns in development with 1.7% (n = 33) 
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of the sample showing below average receptive vocabulary knowledge at both 5- and 21- 
years (‘consistently low’ group), and 87.7% (n = 1,679) showing vocabulary skills within 
normal limits at both time points (‘consistently typical’ group). The two groups showing 
changes in performance over the 16-year period included 8.4% (n = 160) of participants 
showing vocabulary delays at 5 years but improving to perform within the average range at 
21 (‘improved’ group), and 2.2% (n = 42) of participants showing a negative change to 
perform below the average range at 21 years despite showing typical skills at age 5 
(‘deteriorated’ group). These four patterns of change are shown visually in Figure 2.2 and 
descriptive information of the vocabulary scores of the four groups at both 5 and 21 years 
are provided in Table 2.2. 
 
  
Figure 2.2 Patterns of change on the Peabody Picture Vocabulary Test-Revised (PPVT-R) 
between 5 and 21 years of age. Typical = average performance at 5 and 21 years; 
deteriorated = average performance at 5 years and below average at 21 years; improved = 
below average skills at 5 years and average performance at 21 years; low = below 
average performance at 5 and 21 years. Standard error bars are displayed.
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Table 2.2 Descriptive data of group performance on the PPVT-R at 5 and 21 years in the MUSP cohort 
 
  PPVT-R performance 
  5-year follow-up  21-year follow-up 
Group n Mean SD 95% CI SE Range  Mean SD 95% CI SE Range 
Typical 1679 103.9 11.1 [103.4, 104.4] 0.27 85-141  105.1 9.1 [104.6, 105.5] 0.22 85-135 
Deteriorated 42 92.6 6.1 [90.7, 94.5] 0.93 85-109  81.7 2.3 [81.0, 82.4] 0.36 74-84 
Improved 160 78.7 5.3 [77.9, 79.5] 0.42 55-84  97.1 8.4 [95.8, 98.4] 0.67 85-123 
Low 33 75.9 5.5 [73.9, 77.8] 0.96 61-84  79.2 5.3 [77.3, 81.1] 0.92 59-84 
Note. PPVT-R = Peabody Picture Vocabulary Test-Revised; MUSP = Mater-University of Queensland Study of Pregnancy; SD = 
Standard Deviation; CI = confidence interval; SE = Standard Error. 
 
 
 
 
 
 
 
 
33 
 
2.3.5 Potential predictor variables  
From the available measures within the dataset, parental, family, and child factors were 
chosen a priori based on the available evidence of early risk and protective factors for 
receptive vocabulary delays (Lawlor et al., 2006; O'Callaghan et al., 1995; Taylor et al., 
2013). 
2.3.5.1 Antenatal and neonatal factors. The associations between vocabulary 
and factors present before or during pregnancy (parental educational attainment, parental 
age and maternal smoking during pregnancy) and at delivery (child sex, gestational age, 
and birth weight) were all examined. Maternal and paternal educational attainment was 
categorised as incomplete secondary (< 11 years) and complete secondary/further 
education. Parental age was defined as teenage parents (19 years or younger), or older 
parents (20 years or older). Participants were categorised as having been exposed to 
tobacco in utero if mothers reported smoking cigarettes daily during pregnancy. 
Gestational age was dichotomised between those born before 37 weeks and those born at 
or after 37 weeks whilst birth weight was categorised as low if less than 2500 grams or 
normal if greater than or equal to 2500 grams (Harrison & McLeod, 2010). 
2.3.5.2 5-year factors.  The associations between patterns of vocabulary change 
and characteristics present at 5 years (child behaviour, maternal mental health, and family 
income) were also examined. Child behaviour was measured using a shortened version of 
the Child Behaviour Checklist (CBCL; Achenbach, 1991a) (see Bor et al., 1997 for 
extensive description of the use of the CBCL in MUSP). Subscales utilised in the current 
study were based on the second order groupings of syndromes identified by Achenbach. 
These were (i) externalising behaviour (comprising delinquent and aggressive behaviours), 
and (ii) internalising behaviour (consisting of withdrawn behaviour, somatic complaints, 
and anxious/depressive behaviour). Additionally the MUSP study utilised the social, 
attentional, thought problems subscale which comprised symptoms relating to social, 
attentional and cognitive problems. For all subscales, the highest 10% of subjects were 
classified as having the behaviour (Achenbach, 1991a; Achenbach, 1991b). Maternal 
mental health status at 5 years was measured using the two seven-item Anxiety and 
Depression subscales of the Delusions Symptoms States Inventory: State of Anxiety and 
Depression (DSSI: SAD; Bedford & Foulds, 1978). Mothers were categorised as having 
symptoms of depression or anxiety if they reported 2 or more symptoms on the respective 
scale (Bedford & Foulds, 1978). Family income was measured using parent self-report at 
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the 5-year follow-up, with low income being defined as the gross family income falling in 
the bottom 25th percentile (i.e. income less than $15,600 AUD). 
2.3.6 Statistical analysis 
Chi-square analyses were used to examine the influence of participant attrition by 
comparing sociodemographic variables present at birth between the participants included 
in the current study, and the remainder of the MUSP cohort. To account for the predictor 
variables that had missing data multiple imputation was used as a best effort technique to 
restore the sample to the original 1,914 with complete outcome data available (Mackinnon, 
2010). To reduce sampling variability 20 imputed datasets were generated (Horton & 
Lipsitz, 2001) based on the observed data. The resulting estimated associations of the 
observed and imputed datasets were averaged together to give an overall estimated 
association (Rubin, 1987). The results from the multiple imputation analysis did not differ 
from those of the complete case analysis, however for completeness the results of the 
multiple imputation models are described below.  
Univariable and multivariable logistic regression models were then used to examine 
factors associated with the different developmental profiles based on early vocabulary 
performance. Thus, two separate binary logistic regression models were run. Model 1 
explored the two groups who had presented with typical vocabulary skills at 5 years, 
namely the consistently typical and deteriorated groups. This allowed for investigation of 
risk factors for participants with impaired vocabulary skills at 21 years despite showing 
earlier typical performance at 5 years. Model 2, on the other hand, investigated the two 
groups who showed impaired skills at the 5-year follow-up. Hence the risk factors 
associated with consistently low vocabulary skills were investigated compared to 
participants whose early vocabulary delays improved by 21 years.  
For both models, logistic regression was used, firstly, to examine the unadjusted 
association between each candidate predictor variable and the binary outcome groups. 
Those predictors associated at p < .10 at the univariable analysis were retained in the 
multivariable analysis (Hilbe, 2009; Law et al., 2012). Prior to examining the adjusted 
associations, independent variables (p < .10) were investigated to assess possible 
collinearity and excluded from the multivariable base logistic regression model if evidence 
of multicollinearity existed (variation inflation factor; VIF > 5) (Menard, 1995). Multivariable 
logistic regression was then implemented to test the effects of individual predictors on 
PPVT-R outcome, whilst simultaneously adjusting for the effects of the other predictors 
identified from the univariable analysis. To improve the fitted model, predictors were 
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subsequently removed from the model one-by-one, removing those with the weakest 
association first, until no further improvement was possible (Le, 2003). The final model 
included only those significant predictors with an adjusted p-value < .05, with the strength 
of the association being expressed as odds ratios (ORs) and 95% confidence intervals 
(CI). All analyses were conducted using the software Stata version 13.0 (StataCorp, 2013). 
2.4 Results 
Attrition analysis comparing the sociodemographic characteristics of the MUSP 
cohort participants who were and were not included in the current study revealed that 
participants included in the current study were from more advantaged backgrounds than 
those lost to follow-up (see Table 2.3). Those included in the study were more likely to 
have mothers who were older at the birth of the child, who had completed secondary 
school, and did not smoke during pregnancy. Similarly, current participants had fathers 
who were older at the birth of the child and had completed secondary education, and they 
were also more likely to be born into families with higher income.  
 
Table 2.3 Results from Chi-square analyses showing the characteristics of participants in 
the MUSP cohort who were (n = 1,914) and were not (n = 4,816) included in the current 
study 
 
 Included Not Included  
Baseline variable % % p 
Maternal age at birth of the child    
< 19 years (teenage) 10.4 15.9  
> 20 years 89.6 84.1 <.001 
Maternal education     
Incomplete secondary education 14.9 18.4  
Complete secondary education 85.1 81.6 <.001 
Maternal smoking during pregnancy    
Yes 23.9 29.8  
No 76.1 70.2 <.001 
Paternal age at birth of the child    
< 19 years (teenage) 2.9 5.5  
> 20 years 97.1 94.5 <.001 
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Note. MUSP = Mater-University of Queensland Study of Pregnancy; AUD = Australian 
dollars. 
 
2.4.1 Model 1 
The unadjusted results of Model 1 (normal PPVT-R performance at 5 years that is 
maintained versus deteriorated) are shown in Table 2.4. These univariable analyses found 
that the presence of childhood internalising problems at 5 years, lower paternal and 
maternal educational attainment, maternal anxiety and maternal smoking during 
pregnancy were associated with the deteriorated group at the p < .10 level. These factors 
were retained in the multivariable logistic regression model.  
There was no evidence of multicollinearity between the five predictors retained in 
Model 1 (VIF < 2). Results of the final multivariable logistic regression showed that the 
presence of internalising problems at 5 years (adjusted OR = 2.77; 95% CI [1.22, 6.27]; p 
= .015), paternal incomplete secondary education (adjusted OR = 2.79; 95% CI [1.14, 
6.59]; p = .019), and maternal smoking during pregnancy (adjusted OR = 2.50; 95% CI 
[1.34, 4.68]; p = .004) were significantly associated with young people being at a higher 
risk of deteriorating vocabulary skills. However, the associations between deteriorated 
Paternal education    
Incomplete secondary education 66.9 70.9  
Complete secondary education 33.1 29.1 <.001 
Family income    
< $10,400 AUD 29.2 36.0  
> $10,400 AUD 70.8 64.0 <.001 
Sex    
Male 49.3 52.8  
Female 50.7 47.2 .009 
Birth weight    
< 2500 gram (low) 4.4 4.3  
> 2500 gram (normal) 95.6 95.7 .851 
Gestational age    
< 37 weeks (premature) 4.4 4.1  
> 37 weeks (normal) 95.6 95.9 .492 
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vocabulary skills and maternal educational attainment and maternal anxiety at 5 years 
were no longer significant (p > .05). 
  
Table 2.4 Unadjusted logistic regression estimates of the association between parental 
and child variables and deteriorated vocabulary skills 
Typicala vs Deteriorated 
Characteristic 
Typicalb 
(n = 1,679) 
% 
Deterioratedb 
(n = 42) 
% OR [95% CI] p 
Maternal age     
< 19 years  9.4 14.3 1.61 [0.67, 3.89] .285 
> 20 years  90.6 85.7 Reference  
Maternal education     
Incomplete secondary 69.5 83.3 2.19 [0.97, 4.97] .060 
Complete secondary or 
further education 
30.5 16.7 Reference  
Maternal depressionc     
Yes 14.4 22.0 1.68 [0.79, 3.56] .180 
No 85.6 78.0 Reference  
Maternal anxietyc     
Yes 13.3 24.4 2.07 [1.00, 4.29] .050 
No 86.7 75.6 Reference  
Smoked during pregnancy     
Yes 23.0 45.2 2.77 [1.49, 5.14] .001 
No 77.0 54.8 Reference  
Paternal age     
< 19 years  2.8 2.4 0.93 [0.14, 6.19] .944 
> 20 years  97.2 97.6 Reference  
Paternal education     
Incomplete secondary 64.5 85.7 3.18 [1.36, 7.43] .008 
Complete secondary or 
further education 
35.5 14.3 Reference  
Family income     
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Note. OR = odds ratio; CI = confidence interval; AUD = Australian dollar. 
a Reference group. b Vocabulary performance measured using the Peabody Picture 
Vocabulary Test-Revised at 5 and 21 years. c Measured with the Delusions Symptoms 
States Inventory: State of Anxiety and Depression (Bedford & Foulds, 1978). d Measured 
with the Child Behaviour Checklist at 5 years (Achenbach, 1991a). 
p-value < .10 are in boldface. 
 
2.4.2 Model 2  
As shown in Table 2.5, the unadjusted results for Model 2 (impaired PPVT-R 
performance at 5 years that is persistent versus improved) revealed that none of the 
identified risk factors were associated with consistently low vocabulary skills compared to 
the improved group at the p < .10 level. Therefore no further analyses were conducted 
between the improved and consistently low groups. 
< $15,600 AUD 21.4 25.6 1.28 [0.62, 2.67] .505 
> $15,600 AUD 78.6 74.4 Reference  
Child sex     
Male 47.5 47.6 1.00 [0.54, 1.85] .991 
Female 52.5 52.4 Reference  
Gestational age     
< 37 weeks 4.1 4.8 1.17 [0.28, 4.93] .834 
> 37 weeks 95.9 95.2 Reference  
Birth weight     
< 2500 gram 3.9 7.1 1.91 [0.57, 6.34] .290 
> 2500 gram 96.1 92.9 Reference  
Internalising behaviourd     
Yes 11.1 34.5 2.90 [1.28, 6.55] .010 
No 88.9 65.5 Reference  
Social attentional thought 
problemsd 
    
Yes 13.0 27.6 1.94 [0.78, 4.85] .153 
No 87.0 72.4 Reference  
Aggressive behaviourd     
Yes 10.7 10.3 0.93 [0.29, 3.04] .910 
No 89.3 89.7 Reference  
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Table 2.5 Unadjusted logistic regression estimates of the association between parental 
and child variables and consistently low vocabulary skills  
Improveda vs Consistently Low 
Characteristic 
Improvedb 
(n = 160) 
% 
Lowb 
(n = 33) 
% OR [95% CI] p 
Maternal age     
< 19 years  17.5 24.2 1.51 [0.62, 3.69] .368 
> 20 years  82.5 75.8   
Maternal education     
Incomplete secondary 83.5 87.9 1.47 [0.47, 4.55] .504 
Complete secondary or 
further education 
16.5 12.1   
Maternal depressionc     
Yes 19.1 30.3 1.86 [0.80, 4.31] .150 
No 80.9 69.7   
Maternal anxietyc     
Yes 16.6 18.2 1.12 [0.42, 2.98] .819 
No 83.4 81.8   
Smoking during pregnancy     
Yes 26.2 36.4 1.60 [0.73, 3.54] .241 
No 73.8 63.6   
Paternal age     
< 19 years  3.9 3.1 0.83 [0.10, 6.66] .864 
> 20 years  96.1 96.9   
Paternal education     
Incomplete secondary 74.8 83.9 1.73 [0.62, 4.78] .292 
Complete secondary or 
further education 
25.2 16.1   
Family income     
< $15,600 AUD 31.8 46.9 1.89 [0.87, 4.08] .107 
> $15,600 AUD 68.2 53.1   
Child sex     
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Note. OR = odds ratio; CI = confidence interval; AUD = Australian dollar. 
a Reference group. b Vocabulary performance measured using the Peabody Picture 
Vocabulary Test-Revised at 5 and 21 years. c Measured with the Delusions Symptoms 
States Inventory: State of Anxiety and Depression (Bedford & Foulds, 1978). d Measured 
with the Child Behaviour Checklist at 5 years (Achenbach, 1991a). 
 
2.5 Discussion 
This study is the first to explore the parental, familial and early childhood factors 
associated with distinct patterns of change in receptive vocabulary from school entry into 
adulthood in a monolingual English-speaking sample. Extending previous research, the 
current study provided further evidence of both resilience and vulnerability in language 
development beyond the preschool years. This finding mirrors both more general studies 
of language (Zambrana et al., 2014) as well as investigations into the change of 
expressive vocabulary earlier in a child’s development (Law et al., 2012). The results of 
the current study also provide preliminary evidence towards characteristics which are 
Male 64.4 66.7 1.11 [0.50, 2.44] .802 
Female 35.6 33.3   
Gestational age     
< 37 weeks 6.2 12.1 2.07 [0.61, 7.05] .245 
> 37 weeks 93.8 87.9   
Birth weight     
< 2500 gram 8.7 9.1 1.04 [0.28, 3.85] .950 
> 2500 gram 91.3 90.9   
Internalising behaviourd     
Yes 9.3 18.5 1.99 [0.63, 6.29] .240 
No 90.7 81.5   
Social attentional thought 
problemsd 
    
Yes 12.8 7.4 0.61 [0.15, 2.47] .490 
No 87.2 92.6   
Aggressive behaviourd     
Yes 9.2 11.1 1.23 [0.34, 4.44] .752 
No 90.8 88.9   
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present early in a child’s life that are associated with longitudinal change in vocabulary 
knowledge over a 16-year period. 
In looking more closely at the results of Model 1, identification of the subgroup of 
children with deteriorating vocabulary skills extends on earlier work suggesting that despite 
typical language skills early in development, some children are vulnerable to later 
difficulties (e.g. Law et al., 2012; Poll & Miller, 2013). It also finds support in studies 
comparing vocabulary growth from childhood to adulthood (Beitchman et al., 2008; Rice & 
Hoffman, 2015) which have shown that vocabulary acquisition continues into the adult 
years and it does not have a developmental endpoint, unlike the acquisition of speech 
sounds or grammar (Taylor et al., 2013). Thus, identification of this subgroup of children is 
of particular importance clinically because they would not be identified by any early 
screening procedures or practices, but the impact of their vocabulary difficulties can be 
long lasting. One of the novel findings arising from this study, then, was the discovery of 
factors present in a child’s life prior to school entry which placed them at risk for later 
vocabulary impairment. These risk factors included the presence of internalising problems 
at 5 years, lower paternal educational attainment, and maternal smoking during 
pregnancy. These factors are discussed further below. 
The identified relationship between internalising problems and vocabulary 
development is contrary to most research investigating language and behaviour. Instead 
there is a strong body of evidence showing that it is language deficiencies (including 
delays in receptive vocabulary) which result in behavioural adjustment problems in 
children and adolescents across both internalising and externalising domains (Bornstein, 
Hahn, & Joan, 2013; Petersen et al., 2013; Yew & O'Kearney, 2013). However, contrary to 
the results of the current study, some of this previous work has shown that this relationship 
did not hold in reverse.  
Bornstein and colleagues (2013), for example, found children with lower language 
skills at age 4 had more internalising behaviour problems at 7, 10 and 14 years which 
supports the notion that language proficiency in early childhood affects behavioural 
adjustment in late childhood and early adolescence. Furthermore, Bornstein et al. (2013) 
reported that internalising and externalising problems did not predict subsequent language 
development. However, there are several key differences between the two studies which 
may explain the conflicting findings. Bornstein et al. (2013) used a more general measure 
of language, as opposed to the current study which focused only on receptive vocabulary, 
and thus it may be the different language competencies across samples which influenced 
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the results. Furthermore, Bornstein et al. (2013) did not categorise language impairment 
and instead used a continuous scale which meant they did not examine distinct changes in 
language profiles over time. Taken together the work of Bornstein and colleagues and the 
results of the current study suggest comorbidity between language and behavioural 
problems. As proposed by Bornstein et al. (2013), it is possible that poor behavioural 
adjustment may limit language development, which is consistent with the present study. 
For example, in social or academic situations internalising symptoms (such as anxiety and 
depression) may undermine the use of children’s language which in turn may limit their 
use of language both academically and in social situations (Bornstein et al., 2013). 
However, given the constraints of the present study further research using longitudinal 
studies is needed to further investigate this hypothesis and to disentangle the direction of 
the association between language and behavioural problems. 
The results of the current study also provided preliminary evidence that paternal 
educational attainment is a risk factor for receptive vocabulary difficulties that emerge 
during the school-age years. Maternal educational attainment has been well documented 
as a predictor of children’s development, particularly in the area of childhood language 
ability (Pancsofar, Vernon-Feagans, & Family Life Project, 2010). It has been shown that 
mothers with higher levels of education talk and interact more with their children in ways 
that are related to more advanced language development compared to less educated 
mothers (Hart & Risley, 1995). Furthermore, in terms of studies investigating the predictors 
of receptive vocabulary delays, most studies have focused on the role of maternal 
education (O'Callaghan et al., 1995; Rice & Hoffman, 2015; Taylor et al., 2013) with 
paternal education revealing more mixed findings (Harrison & McLeod, 2010; Lawlor et al., 
2006, see Table 2.1). However, when considering the literature looking at language more 
generally, of those studies that do consider paternal educational attainment there is a 
growing body of evidence of the role fathers may also play in supporting children’s 
language development during both early childhood and more long-term.  
For example in the toddler years, paternal book reading has been shown to predict 
children’s receptive language skills on the PPVT only for children whose fathers had at 
least high school education (Duursma, Pan, & Raikes, 2008), with another study showing 
fathers’ language input (and not mothers’), made a unique contribution to child language 
development at 24 months (Pancsofar & Vernon-Feagans, 2006). Looking at the preschool 
years, Zambrana et al. (2014) found that from 3 to 5 years of age, lower paternal 
education (and not maternal) increased the odds of persistent and deteriorated language 
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problems. However, the role of paternal education during the school years has not been 
comprehensively explored, making direct comparisons with the results of the current study 
more difficult. A recent Australian study did compare the influence of childhood intelligence 
on educational outcomes while also taking into account parental factors. They reported 
that fathers’ level of schooling (and not mothers) was significantly associated with child 
educational attainment by mid-to-late 20s, however fathers’ educational attainment was 
not associated with childhood intelligence measured up to 13 years (Keage et al., 2015). 
The results of the current study in combination with other studies highlight the need for 
more research in this area. This is increasingly important given the shift in recent years in 
terms of family structure and functioning and the changing role of men in families (e.g. 
Duursma et al., 2008).  
Maternal smoking during pregnancy was an unexpected risk factor for increased 
odds of children showing deteriorating skills. There is evidence of the negative impact of 
exposure to cigarettes in utero on attention, behaviour, and learning in young children and 
adolescence (e.g. Knopik, 2009; Shea & Steiner, 2008). However, with respect to the 
current study, as children began developing typically, with difficulties only becoming 
apparent later in development, it is unlikely that cigarette exposure in utero had a direct 
causal association with deteriorating vocabulary skills. Rather, as suggested by studies of 
exposure to cigarettes in utero (e.g. Knopik, 2009; Roza et al., 2009), it is hypothesised 
that prenatal cigarette exposure may be more a proxy measure for an unmeasured 
parental behaviour or other confound which may be contributing to this vocabulary 
outcome. This hypothesis is further supported by the results of Lambe, Hultman, Torrång, 
MacCabe, and Cnattingius (2006) who investigated the possible associations between 
maternal smoking during pregnancy and educational achievement in the offspring at 15 
years in over 400,000 students born between 1983 and 1987. The authors reported that 
whilst maternal smoking during pregnancy was associated with increased risk of poor 
scholastic achievement, they found that if the mother smoked during their first pregnancy, 
but not the second pregnancy, the younger sibling was also at increased risk of poor 
school performance. They concluded that earlier reports of the associations between 
smoking during pregnancy and child outcomes may actually reflect the influence of 
unmeasured characteristics that differ between smokers and non-smokers. 
Turning to the results of Model 2, for children showing vocabulary delays at 5 years, 
no factors examined in the current study were associated with a higher risk of showing 
consistently low vocabulary skills compared to those that improved. This finding is in 
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contrast to earlier studies of vocabulary development which showed that maternal 
educational level differentiated between consistently low and improved groups on an 
expressive vocabulary task (Law et al., 2012), and was also shown to be associated with 
higher levels of vocabulary growth across development (Rice & Hoffman, 2015). The 
findings of the current study, which contrast those of previous research, may be explained 
by unmeasured extrinsic factors related to the school environment which may have 
triggered resilience in this sample over and above maternal factors. Given the current 
study is the first to look at predictors of change in receptive vocabulary skills into 
adulthood, further research that incorporates information between assessment points (e.g. 
intervention received, literacy levels) is needed in order to determine the factors that lead 
to more positive outcomes for children showing early vocabulary delays.  
It is important to acknowledge the limitations of the categorisation approach used in 
the current study and the potential influence upon results. Whilst dichotomisation of 
potential risk factors to only two levels of risk is consistent with other predictive studies of 
vocabulary (e.g. Law, Rush, et al., 2013; O'Callaghan et al., 1995), it may not have been 
sensitive enough to detect levels of risk associated with persisting language impairment 
compared to young people whose early delays resolved. In the case of parental age, the 
current study compared teenage parents (< 20 years) with older parents (> 20 years), and 
studies in the area of autism have found that advanced parental age (> 40) is associated 
with increased risk (e.g. Shelton, Tancredi, & Hertz-Picciotto, 2010). In relation to 
educational attainment, in the current study mothers and fathers with further education 
(e.g. university, college degrees) were considered within the same category as parents 
who had only completed year 12. Taylor et al. (2013) found an increased risk of receptive 
vocabulary delays at 4 years for children with mothers who had either incomplete 
secondary, or completion of only year 12, compared to mothers who had university 
degrees. Thus, it could be that more in-depth analysis, in the form of further explicit 
categorisation, may have been able to distinguish between children whose difficulties 
resolved and those showing persistent vocabulary delays. However, the current study was 
not adequately powered to allow for further categorisation of these variables, and research 
in this area will require studies with larger sample sizes. 
2.5.1 Clinical implications 
These results provide evidence that receptive vocabulary problems present in early 
childhood do not persist into adulthood for all young people. Moreover, there is a subgroup 
of children whose early vocabulary skills were within the normal range at 5 years but later 
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deteriorated by 21 years. In line with Reilly, McKean, Morgan, and Wake (2015), these 
findings support the need for surveillance practices which monitor children’s language 
development over time, even when testing in early childhood reports an absence of 
deficits. This would ensure support services are provided at the appropriate points in a 
child’s development in an attempt to prevent future learning or behavioural problems.  
Furthermore, one of the risk factors for the deteriorated group, namely internalising 
problems, is a potentially modifiable factor. Thus, practitioners and educational services 
need to be aware of the possible bidirectional relationship between language and 
behavioural domains to ensure appropriate referrals are made in a timely manner to best 
support the long-term outcomes for clients. In addition, support for intervention programs 
targeted at promoting psychological wellbeing in the early years is warranted as such 
programs may subsequently ward off future language and learning difficulties (e.g. Durlak, 
Weissberg, Dymnicki, Taylor, & Schellinger, 2011). The finding that paternal education 
influences later language outcomes also lends support for both researchers and clinicians 
to consider the role of fathers in language development and to involve fathers in program 
planning and early intervention efforts particularly for families with lower educational 
backgrounds. 
2.5.2 Strengths and limitations 
The strengths of the current study include the use of the same standardised 
measure of receptive vocabulary (PPVT-R) across two distinct development points (before 
school entry and following formal education), which also extends the current knowledge of 
receptive vocabulary development into adulthood. Further, the use of a birth cohort 
allowed for the consideration of factors present during pregnancy or after birth as potential 
predictors of vocabulary change.  
However, attrition was a limitation with only 26.5% of the original birth cohort 
included in the current study. Given that the attrition analyses indicated those included in 
the study were from more advantaged backgrounds, loss to follow-up and the potential 
impact on the strength of the reported associations must be acknowledged. Further, the 
small numbers in the consistently low and deteriorated groups increases the potential for a 
type II error; such that some of the predictors may have been associated with the outcome 
but there was insufficient statistical power to detect any association. The smaller group 
numbers also meant that the influence of further sub-categorisation of variables on the 
outcomes was unable to be explored.  
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Another limitation of the current study is that our analysis was confined to the 
patterns of change associated with a single language component – namely receptive 
vocabulary. While vocabulary is certainly a key language outcome and predictor of literacy 
abilities, it is not a surrogate of all dimensions of language change over time. Therefore, 
the results of the current study may not be directly comparable or applicable to studies 
looking at language skills more broadly. Furthermore, we cannot ascertain from the 
available data whether the identified vocabulary difficulties were the result of more broad 
language/cognitive impairments. Thus, caution must be made when interpreting results 
and comparing with the findings from other studies that have examined predictors of 
different language domains. Further research is needed to investigate predictors of 
developmental profiles using other language measures.   
The two time points utilised in the current study allowed investigation of change into 
adulthood, however the wide interval between these two points did not permit investigation 
of critical windows of development which might occur with a change in language trajectory. 
As a result, while this study has identified the risk factors for a deteriorating receptive 
language trajectory, it cannot speak to the actual mediators of these associations. 
Therefore, future research should investigate factors present during the school years that 
are associated with the changes in vocabulary performance so as to better identify those 
children who should undergo repeat screening of their language development. Of 
particular relevance, future work should consider literacy ability as a possible mediating 
factor that may have significantly impacted change in vocabulary from 5 to 21 years (e.g. 
Catts, Fey, Tomblin, & Zhang, 2002; Duff, Tomblin, & Catts, 2015). Future research is also 
needed to investigate the functional implications of impaired vocabulary during adulthood 
and whether the distinctive changes in vocabulary development over the school years may 
influence the outcomes.  
2.6 Conclusion 
This study demonstrates the fluidity of receptive vocabulary skills between early 
childhood and adulthood and highlights the plasticity which results in an improvement in 
vocabulary ability over time for some children and a deterioration in vocabulary for others. 
Whilst early identification and intervention remain an educational priority, the current 
findings support the need for continued surveillance and monitoring of language skills over 
time so as to identify students whose vocabulary performance has deteriorated. Most 
noteworthy was that in a monolingual English speaking sample, internalising problems, 
paternal educational attainment and maternal smoking during pregnancy were risk factors 
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for individuals showing deteriorating trajectories, thus suggesting these factors should be 
red flags for close monitoring of young children who may be at risk for later vocabulary 
problems. 
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3 Chapter 3: Late talkers and language outcomes: Predicting the different 
language trajectories 
 
 
Chapter 2 focused specifically on the patterns of change in receptive vocabulary from 
school entry into adulthood and key risk factors associated with a deteriorating trajectory 
were identified. Chapter 3 builds on the methodological design of the previous chapter but 
explores the predictors of language change by focusing earlier in development, across a 
narrower age bracket (2 to 10 years), and uses a broader measure of language ability as 
the outcome. More specifically, Chapter 3 aimed to investigate the risk factors present in 
the first 2 years of life, for children who showed language difficulties that persisted from 2 
to 10 years and those whose difficulties emerged later at 10 years. The content of this 
chapter has been accepted for publication as a manuscript entitled: “Late talkers and later 
language outcomes: Predicting the different language trajectories” in the International 
Journal of Speech-Language Pathology (Armstrong, Scott, et al., 2017 - see Appendix B 
for URL link to published manuscript) 4. 
 
                                            
4 The content included in Chapter 3 is largely the same as the accepted manuscript except 
for some minor changes. Firstly, modifications have been made to match the formatting of 
this thesis document. As such, the number, size and positioning of figures and tables is 
different to that of the published version. Secondly, Figure 3.1, and Tables 3.2, 3.3 and 3.4 
have been included in the main text of this chapter. However, these were presented as 
online supplemental material in the accepted version of the published manuscript. 
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3.1 Abstract 
 
The overall aim of this study was to investigate the parental and child risk factors present 
at 2 years for children who showed: (i) language difficulties that persisted from 2 to 10 
years compared to those children whose early delays improved, and (ii) difficulties that 
emerged later at 10 years compared to those with consistently typical language skills. The 
participants (n = 783) were drawn from the Raine Study in Western Australia. Patterns of 
change in language ability from 2 to 10 years were identified based on child performance 
on the Language Development Survey and the Clinical Evaluation of Language 
Fundamentals, respectively. Logistic regression analyses were conducted to test whether 
parental, family and child characteristics present at 2 years predicted poorer language 
outcomes at age 10. Across the 8-year period, 5.6% of the children displayed consistently 
low language skills, 5.9% demonstrated improved skills, and 23.2% had language skills 
that deteriorated. Compared to children with consistently typical skills, the deteriorated 
group were more likely to have mothers who smoked during pregnancy, fathers with 
incomplete secondary education, low family income, poor early literacy environment and 
be male. Children showing consistently low language skills were more likely to have 
mothers who smoked during pregnancy than late talkers whose early delays improved. 
The results of this study provide evidence of some modifiable risk factors present at 2 
years which are associated with poor language outcomes in middle childhood. 
 
Keywords: Raine Study, late talking, child language, risk factors, longitudinal study, low 
language 
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3.2 Introduction 
There is robust evidence that late talking is a key risk factor for later language 
difficulties (e.g. Poll & Miller, 2013; Rice et al., 2008). However, existing studies also show 
that the majority of late talkers resolve their initial language delays by school entry (e.g. 
Dale, McMillan, Hayiou-Thomas, & Plomin, 2014). Adding further evidence to the 
variability that exists in language development is the emergence of later language 
difficulties, despite the presence of earlier typical performance (e.g. Poll & Miller, 2013; 
Zambrana et al., 2014). Given this variability in language development over time, this 
study sought to identify risk factors for children at 2 years that predict later language 
problems at 10 years. 
Developmental language disorder (DLD) can be a lifelong phenomenon which 
places children at increased risk for adverse long-term outcomes across educational, 
vocational, social, and mental health domains (e.g. Conti-Ramsden & Durkin, 2016). One 
approach towards improving these long-term outcomes relies on identifying those children 
most at risk of long-term language difficulties before these negative consequences occur. 
The identification of specific risk factors for DLD aims to guide primary health care 
professionals in removing, or at least reducing, the impact of these risk factors on a child’s 
development, as well as providing evidence as to where to focus effort and scarce 
resources in the early years for those children most in need of interventions (McKean et 
al., 2015).  
Delays in the onset of language have been examined as possible predictors to 
improve the early identification of children at risk of DLD. These children with early 
language delays are often referred to as late talkers (Rescorla, 2011). Late talkers have 
been defined by a variety of criteria (see Desmarais, Sylvestre, Meyer, Bairati, & Rouleau, 
2008 for a review), with the most widespread definition including the production of fewer 
than 50 words and/or no word combinations at approximately 2 years of age (e.g. Rice et 
al., 2008). There are two parent-report checklists with normative data that are frequently 
used to measure early language ability and these include the Language Development 
Survey (LDS; Rescorla, 1989) and the MacArthur-Bates Communicative Development 
Inventory (CDI; Fenson, 1993). Late talking has been shown to affect up to 20% of 
toddlers in the general population (e.g. Reilly et al., 2007; Zubrick et al., 2007). 
In light of the prevalence of late talking, previous studies have utilised both clinical 
samples as well as community-based samples to examine how well late talking status can 
predict later language outcomes (e.g. Dale et al., 2003; Reilly et al., 2010; Rice et al., 
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2008). These studies demonstrate variation in the developmental trajectories for children 
presenting with early language delays, as well as those children with early typical 
language skills. There is vast evidence that late talking is a risk factor for persisting 
language weakness into adolescence (Rescorla, 2005, 2009). However, evidence 
suggests that 50-75% of children identified as late talkers perform within normal limits at a 
later assessment point (i.e. those with ‘improved’ language skills) (Paul & Ellis Weismer, 
2013). Further, there is also evidence that a subgroup of children present with later-
emerging language delays in childhood, in that they would not have been classified earlier 
as late talkers but present with language delays at a later assessment point (e.g. Poll & 
Miller, 2013). In population-based studies, 6-19% of children have been shown to present 
with this ‘deteriorating’ language profile (Poll & Miller, 2013; Reilly, McKean, et al., 2014; 
Rice et al., 2008). This variability in language development has led to detailed 
investigations of possible biological and environmental factors, beyond late talking status 
alone, which may be influencing language outcomes.  
Prospective, longitudinal, population-based studies allow for the documentation of a 
range of early risk factors which may influence language development. Previous work in 
this area has focused on potential risk factors for predicting language outcomes when 
performance is measured at one time point during the preschool and school-age years. 
This includes studies investigating the risk factors for children who demonstrate: late 
talking (e.g. Reilly et al., 2007; Zubrick et al., 2007), low vocabulary (Harrison & McLeod, 
2010), and low language more generally (Dale et al., 2014; Duff, Nation, Plunkett, & 
Bishop, 2015; McKean et al., 2015). Further, predictors of different language development 
profiles (e.g. Chapter 2 or Armstrong, Scott, et al., 2016; Zambrana et al., 2014) as well as 
factors influencing language growth (e.g. McKean et al., 2015) have also been considered. 
While not exhaustive of all studies conducted to date, Table 3.1 provides a summary of the 
findings from key population-based studies in this area. As shown in Table 3.1, there is 
variability surrounding the specific risk factors influencing childhood language problems. 
However, when considering these factors more broadly, some consistent themes are 
evident across studies. These include the influence of socioeconomic disadvantage, home 
learning environment and child factors on language outcomes. These themes are 
discussed briefly below. 
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Table 3.1 Summary of the current evidence from key population-based studies of the potential early life predictors influencing language 
outcomes: Evidence from multivariable models1 
Maternal factors 
 Cohort Mean age 
at follow-
up 
Age Alcohol 
Use 
Cigarette 
Use 
Education Employ-
ment 
Ethnicity Mental 
health 
NESB Vocab-
ulary 
Late talking            
Reilly et al. 
(2007) 
ELVS 
n = 1,720 
2 years N - - R - - N R N 
Zubrick et al. 
(2007) 
RASCALS 
n = 1,766 
2 years N - N N N N N - - 
Language impairment2 
Ghassabian et 
al. (2014) 
Generation R 
n = 2,724 
6 years N - N R - R N - - 
Law et al. 
(2012) 
MCS 
n = 13,016 
5 years - - - R - - - - - 
McKean et al. 
(2015) 
ELVS 
n = 883 
4 years N - - N - - - R - 
Poll and Miller 
(2013) 
SECCYD 
n = 1,015 
8 years - - - R - R - - - 
Reilly et al. 
(2010) 
ELVS 
n = 1,596 
4 years N - - R - - N R R 
Stanton-
Chapman et 
al. (2001) 
- 
n = 244,619 
6 years N N N R - - - - - 
Tomblin et al. 
(1997) 
Iowa cohort 
n = 1,161 
5 years R N N R - - - - - 
Language growth 
McKean et al. 
(2015) 
ELVS 
n =883 
4 - 7 
years 
N - - N - - - R - 
Rice and 
Hoffman 
(2015) 
- 
n = 519 
2 - 21 
years 
- - - R - - - - - 
Taylor et al. 
(2013) 
LSAC 
n = 4,332 
4 - 8 
years 
N N N N N N P P - 
Language change 
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Armstrong et 
al. (2016) 
MUSP 
n = 1,914 
5 - 21 
years 
N - R N - - N - - 
Law et al. 
(2012) 
MCS 
n = 13,016 
3 - 5 
years 
- - - R - - - - - 
Ukoumunne et 
al. (2012) 
ELVS 
n = 1,113 
8 months 
- 4 years 
R - - R - - N - R 
Zambrana et 
al. (2014) 
MoBA 
n = 10,587 
3 - 5 
years 
R - - R - - - N - 
Family factors 
 Family 
history 
Family 
structure 
Home 
learning 
Number 
of siblings 
Parenting 
stress 
Parenting 
style 
Paternal 
age 
Paternal 
education 
Read to 
child 
SES3 TV 
viewing 
Late talking 
Reilly et al. 
(2007) 
R - - - - - - - - N - 
Zubrick et al. 
(2007) 
R N - R - N - - - N - 
Language impairment 
Ghassabian et 
al. (2014) 
- R - N N - - - - N - 
Law et al. 
(2012) 
- - - - - - - - - - - 
McKean et al. 
(2015) 
R - R - - - - - R R N 
Poll and Miller 
(2013) 
- - - - - - - - - - - 
Reilly et al. 
(2010) 
R - - - - - - - - R - 
Stanton-
Chapman et 
al. (2001) 
- R - - - - - - - - - 
Tomblin et al. 
(1997) 
R - - - - - - R - - - 
Language growth 
McKean et al. 
(2015) 
N - R - - - - - R N R 
Rice and 
Hoffman 
(2015) 
- - - - - - - - - - - 
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Taylor et al. 
(2013) 
- N - N - N - - N R - 
Language change 
Armstrong et 
al. (2016) 
- - - - - - N R - N - 
Law et al. 
(2012) 
- - - - - - - - - - - 
Ukoumunne et 
al. (2012) 
R - - - - - - - - R - 
Zambrana et 
al. (2014) 
R N - - - - R R - R - 
Child factors 
 Apgar Score Behaviour Birth 
order 
Birth 
weight 
GA Earlier 
language 
NVIQ Sex Twin birth Motor Temper- 
ament 
Late talking 
Reilly et al. 
(2007) 
- - N N N - - N N - - 
Zubrick et al. 
(2007) 
- N - R R - - R - R N 
Language impairment 
Ghassabian et 
al. (2014) 
N - - R N R R R -  - 
Law et al. 
(2012) 
- R - - N R R N - N - 
McKean et al. 
(2015) 
- N R N - - R N - - R 
Poll and Miller 
(2013) 
- - - - - R - N - - - 
Reilly et al. 
(2010) 
- - N R N R - R N - - 
Stanton-
Chapman et 
al. (2001) 
R - R R N -- - - - - - 
Tomblin et al. 
(1997) 
- - - N - - - - - - - 
Language growth 
McKean et al. 
(2015) 
- R N R - - N N - - - 
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Note. NESB = Non-English speaking background; ELVS = Early Language in Victoria Study; N = no effect at either univariable or multivariable stage; “-“ = not 
studied; R = risk factor; RASCALS = Randomly Ascertained Sample of Children born in Australia’s Largest State; MCS = Millennium Cohort Study; SECCYD = 
Study of Early Child Care and Youth Development; P = protective factor; LSAC = Longitudinal Study of Australian Children; MUSP = Mater-University of Queensland 
Study of Pregnancy; MoBA = The Norwegian Mother and Child Cohort Study; SES = socioeconomic status; GA = gestational age; NVIQ = non-verbal IQ. 
1 The population-based studies summarised in this table were selected to provide a general review of the current evidence surrounding predictors of language 
outcomes in community-based samples. The studies included in the review are not exhaustive, but shows the variability in findings to date. Readers are referred to 
individual studies for more detailed information. Reported results are derived from adjusted models (p < .05). 
2 Studies selected as language skills were measured at one time point. Several cut-offs used across studies to identify ‘impairment’ and criteria ranged from 1 
standard deviation (SD) to 1.5 SD. 
3 SES variable varied across studies, and this column includes reports of family income level, relative poverty levels and also Socio-Economic Indexes for 
Areas (SEIFA) disadvantage variables. 
 
Rice and 
Hoffman 
(2015) 
- - - - - - R R -   
Taylor et al. 
(2013) 
- - - N - - - N - - N 
Language change 
Armstrong et 
al. (2016) 
- R - N N - - N - - - 
Law et al. 
(2012) 
- R - - N - R N - N - 
Ukoumunne et 
al. (2012) 
- - R N N - - N N - - 
Zambrana et 
al. (2014) 
N - R N - R - R N - - 
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Firstly, socioeconomic disadvantage (in the form of lower family income as well as 
lower parental educational levels) is consistently shown to influence language impairment 
(e.g. Ghassabian et al., 2014; Reilly et al., 2007) and language development (Rice & 
Hoffman, 2015; Taylor et al., 2013; Ukoumunne et al., 2012). Further, lower 
socioeconomic status (SES) has also been associated with deteriorated skills, persistent 
delays and even improved language skills (Zambrana et al., 2014). Secondly, factors that 
may enhance or impair learning in the home environment (e.g. book reading, television 
watching) have been reported to affect rates of language development (McKean et al., 
2015; Taylor et al., 2013). Finally, and not surprisingly, intrinsic child factors also play a 
role influencing language development as well as changes in language ability over time. 
These child factors include sex (Rice & Hoffman, 2015; Zambrana et al., 2014), nonverbal 
IQ ability (Law et al., 2012; Rice & Hoffman, 2015) and also characteristics relating to child 
behaviour/temperament (Armstrong, Scott, et al., 2016; Law et al., 2012; McKean et al., 
2015). Taken together, these studies highlight possible modifiable factors which influence 
language development in the preschool and school years.  
The current study aimed to add to this evidence base by examining the expressive 
language profiles of children at 2 years to then investigate which characteristics related to 
the child and their environment predict later language outcomes at 10 years. A focus on 2 
years of age was chosen because this is when late talking status is most commonly 
identified (Rice et al., 2008), and when parents may first present to professionals with 
concerns regarding their child’s language development. Thus, identifying additional risk 
factors in the first 2 years of the child’s life would provide important directions for targeting 
intervention in the home environment before difficulties in language interfere with 
development in other domains (Cartmill, 2016). Further, measurement of language at the 
10-year follow-up may be advantageous compared to other earlier time points given 
evidence arising from the Early Language in Victoria Study (ELVS) cohort that 
demonstrated more stability in language between ages 4 and 7 years than earlier in 
development from 2 to 4 years (Reilly, McKean, et al., 2014; Reilly et al., 2010). Thus, by 
10 years it is considered that language difficulties would have arisen even in the presence 
of earlier typical skills at 2 years. 
On this basis, the current study utilised data from an Australian birth cohort to 
investigate: (i) the early risk factors (present from birth to 2 years) for children who show 
deteriorating language skills compared to children showing consistently typical language 
skills, and (ii) the early life risk factors for children who show consistently low language 
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skills compared to those children with a history of late talking whose early delays improved 
at 10 years. 
3.3 Method 
3.3.1 Participants 
Participants were part of the Western Australian Pregnancy Cohort (Raine) Study 
which is an ongoing longitudinal study of mothers and their offspring consecutively 
recruited from the King Edward Memorial Hospital or surrounding private clinics in Perth 
(Australia) between May 1989 and November 1991. Pregnant mothers were included in 
the study if they were having a singleton birth, were between 16 and 20 weeks gestation, 
had English language skills sufficient to understand the study demands, an expectation to 
deliver at King Edward Memorial Hospital, and an intention to remain in Western Australia 
to enable future follow-up of their child (Newnham, Evans, Michael, Stanley, & Landau, 
1993). From the 2,900 pregnant women recruited, 2,868 offspring were available for 
follow-up at birth. Since their birth, the Raine cohort of children have been followed-up at 
1-, 2-, 3-, 5-, 8-, 10-, 14-, 17-, 18-, 20- and 22- years of age. The current study focused on 
data collected at the first clinic visit, 2 years and the 10-year follow-up. Participant 
recruitment and all follow-ups were approved by the Human Ethics Committee at the King 
Edward Memorial Hospital and/or the Princess Margaret Hospital for Children in Perth. 
Parents provided written informed consent to participate at each time point. 
To avoid confounds relating to English as a second language and the presence of 
additional disabilities, children were excluded from the analysis if their mother reported 
speaking a language other than English at home at the first clinic visit (n = 160), or if the 
child was reported to have a diagnosis of an additional disability (hearing impairment, 
intellectual disability) at the 10-year follow-up (n = 47). Further, as described in more detail 
below, analysis was confined to only include participants who had both the LDS and the 
Clinical Evaluation of Language Fundamentals-3rd Edition (CELF-3; Semel et al., 1995) 
data available. Thus, 783 participants of the Raine cohort became the focus of this study 
(see Figure 3.1). 
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Figure 3.1 Flow diagram that demonstrates the follow-up of participants included in the 
Raine Study as well as those retained for the current study. 
LDS = Language Development Survey; CELF-3 = Clinical Evaluation of Language 
Fundamentals-3rd Edition. 
 
3.3.2 Early language measure 
At the 2-year follow-up (mean = 2.14; SD = .15; range = 1.75-3.30), primary 
caregivers completed the LDS as a measure of their child’s expressive language skills. 
The LDS contains 310 words arranged into 14 semantic categories (Rescorla & 
Achenbach, 2002). The caregiver was asked to identify which of the 310 words their child 
said spontaneously (with only minor pronunciation variations) and to provide examples of 
their child’s word combinations. The LDS has been shown to have high test-retest 
reliability (0.97– 0.99) and high Cronbach’s internal consistency (0.99) (Rescorla, 1989). In 
the current study, children were classified as late talkers if they were reported to be 
producing fewer than 50 words and/or no word combinations at 2 years of age, and were 
classified as having typical language skills if they produced more than 50 words and were 
making word combinations (Rescorla, 1989). The inclusion of word combinations was 
considered important as this skill has been reported as a more sensitive predictor of 
language outcomes than vocabulary size alone (Poll & Miller, 2013). Using this criterion, 
90 (11.5%) children in the current sample met the criteria for late talking at 2 years. Table 
3.2 describes the demographic characteristics of late talkers compared to typically 
developing children. For the 783 participants who were the focus of this study, the mean 
LDS score was 188.3 words (SD 83.7), with a range of 1 to 310 words.  
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Table 3.2 Results from Chi-square analyses showing the characteristics of participants 
included in the current study based on their early language scores at 2 years of age (n = 
783) 
 
Typical 
n = 693 
n (%) 
Late talker 
n = 90 
n (%) 2(1) p 
Maternal education     
Incomplete secondary 
education (<12 years) 
367 (54.0) 56 (64.4)   
Complete secondary 
education (12 years) 
313 (46.0) 31 (35.6) 3.37 .066 
Maternal age     
< 19 years 35 (5.1) 6 (6.9)   
> 20 years 646 (94.9) 81 (93.1) 0.471 .492 
Maternal race     
Non-Caucasian 50 (7.3) 6 (6.9)   
Caucasian 631 (92.7) 81 (93.1) 0.022 .880 
Maternal smoking during 
pregnancy 
    
Yes 137 (20.0) 23 (26.4)   
No 544 (80.0) 64 (73.6) 1.87 .172 
Paternal education     
Incomplete secondary 
education (< 12 years) 
322 (54.3) 48 (64.9)   
Complete secondary 
education (12 years) 
271 (45.7) 26 (35.1) 2.97 .085 
Paternal age     
< 19 years 17 (2.5) 2 (2.3)   
> 20 years 664 (97.5) 85 (97.7) 0.012 .911 
Family income     
< $24,000 AUD 213 (32.5) 27 (32.1)   
> $24,000 AUD 442 (67.5) 57 (67.9) 0.004 .945 
Sex     
Male 350 (50.5) 65 (72.2)   
Female 343 (49.5) 25 (27.8) 15.08 <.001 
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Note. AUD = Australian dollars. 
 
3.3.3 Behavioural outcome measure 
Language ability at the 10-year follow-up (mean = 10.54; SD = .20; range = 9.42-
12.33) was assessed using the CELF-3. The CELF-3 is a comprehensive standardised 
measure of language and is routinely used in clinical practice to identify language 
impairment. Its subtests are combined to generate overall scores for Core Language, 
Receptive Language, and Expressive Language, which are standardised around a mean 
of 100 and a standard deviation of 15. In a manner similar to Snowling et al. (2015) and 
Rice et al. (2008), low language was defined on the basis of receptive or expressive 
composite scores falling more than 1 SD below the population mean (equivalent to 
standard scores less than 85). Based on this criteria, 557 (71.1%) of the children 
demonstrated typical receptive and expressive language at the 10-year follow-up and 226 
(28.9%) demonstrated low language. The low language group comprised 10 children 
showing delays in only receptive language, 124 children demonstrating delays in only 
expressive language, and 92 children presenting with delays in both receptive and 
expressive language.  
Birth weight     
Low (< 2500 gram) 48 (6.9) 7 (7.8)   
Normal (> 2500 gram) 645 (93.1) 83 (92.2) 0.088 .766 
Gestational age     
Premature (< 37 weeks) 68 (9.8) 10 (11.1)   
Full-term (> 37 weeks) 625 (90.2) 80 (88.9) 0.149 .699 
Reading exposure at 2 years     
Monthly/never 64 (9.3) 16 (17.8)   
Daily/weekly 623 (90.7) 74 (82.2) 6.17 .013 
Internalising behaviours     
Yes 52 (7.5) 12 (13.3)   
No 641 (92.5) 78 (86.7) 3.61 .058 
Externalising behaviours     
Yes 83 (12.0) 16 (17.8)   
No 610 (88.0) 74 (82.2) 2.43 .119 
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3.3.4 Risk factors 
Based on a review of previous population-based studies, and the measures 
available within the Raine dataset, the following potential risk factors for language 
outcomes were examined.  
3.3.4.1 Parental. In a manner similar to McKean et al. (2015), maternal and 
paternal educational levels were dichotomised as incomplete secondary (< 11 years) or 
complete secondary education (completion of year 12). There is significant variability in the 
literature surrounding the categorisation of parental age in similar predictive studies. For 
the purposes of the current study, maternal and paternal age were defined in a similar 
manner to Zubrick et al. (2007) as teenage parent (< 19 years), middle aged (20 - 34 
years), or older (> 35 years). Maternal race was classified as Caucasian or non-
Caucasian, and maternal smoking during pregnancy was categorised based on the 
mother’s report at the first clinic visit (18 weeks gestation) as mothers who reported 
smoking daily and those who reported smoking less frequently or not at all (e.g. Tomblin, 
Smith, et al., 1997; Zubrick et al., 2007). 
3.3.4.2 Family. Family income was dichotomised according to whether or not the 
minimum household income exceeded the poverty line defined by the Australian 
Government at the time of recruitment ($24,000 AUD) (Whitehouse et al., 2013). Family 
size was also included as a potential risk factor based on the number of siblings in the 
family at the birth of the study child and, similar to Zubrick et al. (2007), the current study 
categorised family size as the child having no siblings, or one or more siblings. At the 2-
year follow-up, parents were asked to report how often they read a story to their child and 
responses were grouped according to whether the child was read to frequently 
(daily/weekly), or not often (monthly/never).  
3.3.4.3 Child. Sex of the child, gestational age (dichotomised as being born before 
37 weeks or at/after 37 weeks), and birth weight (categorised as low if less than 2500 
gram or normal if greater than or equal to 2500 gram) were also included as possible 
predictors of language performance (Harrison & McLeod, 2010; McKean et al., 2015). The 
Child Behaviour Checklist (CBCL; Achenbach, Edelbrock, & Howell, 1987) was used to 
measure child behaviour at 2 years. The raw scores produced by the CBCL were 
converted into T scores (standardised by age and sex) for the internalising and 
externalising behaviour subscales. The recommended clinical cut-off score (T > 60) was 
applied in the current study to identify children at 2 years who were in the defined clinical 
range for behavioural problems.  
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3.3.5 Statistical analysis 
Chi-square analyses were used to examine the influence of participant attrition by 
comparing sociodemographic variables present at birth between the participants included 
in the current study (that is, those with both LDS and CELF-3 data available), and the 
remainder of the Raine cohort. In addition, independent sample t-tests (two-tailed) 
compared the LDS and CELF-3 scores of the current study sample and those from the 
wider cohort who had completed the LDS or CELF-3, but not both measures. To determine 
whether missing data affected the validity of the findings, multiple imputations was used to 
impute for missing values on the covariates to restore the sample to the original 783 with 
complete LDS and CELF-3 data. To reduce sampling variability 20 imputed datasets were 
generated (Horton & Lipsitz, 2001) and the resulting estimated associations of the 
observed and imputed datasets were averaged together to give an overall estimated 
association according to Rubin’s rules (Rubin, 1987; StataCorp, 2011). Each of the logistic 
regression analyses described below were re-run on the imputed dataset. The results from 
the multiple imputation analysis did not differ from those of the complete case analysis 
presented here (the results from the imputation analysis are available on request).  
In line with Chapter 2, the study sample was grouped according to language 
performance at the two assessment points. Thus, performances (typical or low) at 2 and 
10 years were used to split the four groups (typical/typical, typical/low, low/typical, low/low) 
into two binary outcome groups, which formed the basis of two separate models for further 
analysis. Univariable and multivariable logistic regression models then examined factors 
associated with the different developmental profiles based on earlier language 
performance at 2 years. Thus, two separate binary logistic regression models were 
undertaken. First, the potential risk factors were examined for children who were not late 
talkers at 2 years and compared those showing deteriorating language profiles to children 
with consistently typical skills (Model 1); and secondly the risk factors were investigated for 
the late talkers who showed consistently low language compared to children whose 
language delays had improved at 10 years (Model 2).  
For both Models 1 and 2, logistic regression examined, firstly, the unadjusted 
association between each candidate predictor variable and the binary outcome groups. 
Note that in the event that expected cell frequencies were less than n = 5, exact logistic 
regression was used. Those predictors associated at p < .10 in the univariable analysis 
were retained in the multivariable analysis (Hilbe, 2009; Law et al., 2012). A significance 
level of p < .10 was chosen as it is recommended that incorporating a less stringent p-
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value at the univariable stage guards against exclusion of potentially important variables 
(Stoltzfus, 2011). Prior to examining the adjusted associations, independent variables (p < 
.10) were investigated to assess possible collinearity and were excluded from the 
multivariable base logistic regression model if evidence of multicollinearity existed 
(variation inflation factor; VIF > 5) (Menard, 1995).  
Multivariable logistic regression was then implemented to test the effects of 
individual predictors on language outcomes, whilst simultaneously adjusting for the effects 
of the other predictors identified from the univariable stage. To improve the fitted model, 
predictors were subsequently removed from the model one-by-one, removing those with 
the weakest association first, until no further improvement was possible (Le, 2003). The 
final model included only those significant predictors with an adjusted p-value less than 
.05, with the strength of the association being expressed as odd ratios (ORs) and 95% 
confidence intervals (CI). Adjusted OR results have been qualified into 'small', 'medium' 
and 'large' effect sizes based on the cut-offs provided by Rosenthal (1996). Goodness of fit 
for the final logistic regression models were assessed using Pearson’s Goodness of fit test 
with an insignificant p-value representing a good fit of the model to the data. All analyses 
were conducted using the software Stata version 13.0 (StataCorp, 2013). 
3.4 Results 
Results from the attrition analyses comparing the sociodemographic characteristics 
of the Raine cohort participants who were (n = 783) and were not (n = 1,878) included in 
the current study are shown in Table 3.3. Non-participants were more likely to be from 
more disadvantaged backgrounds. The participants for whom measures were not available 
at both time points were more likely to have been born to teenage mothers, exposed to 
maternal smoking in utero, have parents who had not completed secondary education, 
and be born into families with lower income.  
 
Table 3.3 Characteristics of participants in the Raine cohort who were ‘Included’ (n = 783) 
and were ‘Not Included’ (n = 1,878) in the current studya 
 
Includedb Not Includedb 
p 
N n (%) N n (%) 
Maternal age at birth of 
child 
768  1,829  <.001 
 < 19 years  41 (5.3%)  228 (12.5%)  
 20-34 years  585 (76.2%)  1407 (76.9%)  
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 > 35 years  142 (18.5%)  194 (10.6%)  
Maternal race 767  1,825  .047 
 Non-Caucasian  56 (7.3%)  178 (9.7%)  
 Caucasian   712 (92.7%)  1651 (90.3%)  
Maternal education at 
pregnancy 
768  1,829  <.001 
Incomplete 
 secondary school 
 423 (55.2%)  1197 (65.6%)  
Completed secondary 
 school  
 344 (44.8%)  628 (34.4%)  
Maternal smoking in 
pregnancy 
768  1,829  <.001 
Yes  160 (20.8%)  576 (31.5%)  
No  608 (79.2%)  1253 (68.5%)  
Paternal age 768  1,829  <.001 
 <_19 years  19 (2.5%)  104 (5.7%)  
 20-34 years  526 (68.5%)  1323 (72.3%)  
 > 35 years  223 (29.0%)  402 (22.0%)  
Paternal education 667  1,414  <.001 
 Incomplete secondary 
school 
 370 (55.5%)  901 (63.7%)  
 Completed secondary 
school  
 297 (44.5%)  513 (36.3%)  
Family income below 
poverty line (< $24,000 
AUD) 
739  1,709  <.001 
 Yes  240 (32.5%)  815 (47.7%)  
 No  499 (67.5%)  894 (52.3%)  
Gestational age 783  1,868  .233 
 < 37 weeks  78 (10.0%)  217 (11.5%)  
 > 37 weeks  705 (90.0%)  1661 (88.5%)  
Birth weight 783  1,868  .028 
 < 2,500 gram  55 (7.0%)  181 (9.7%)  
 > 2,500 gram  728 (93.0%)  1687 (90.3%)  
Sex 783  1,868  .190 
 Male  415 (53.0%)  943 (50.2%)  
 Female  368 (47.0%)  935 (49.8%)  
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Note. AUD = Australian dollar; p-values are for Chi-square analyses.   
a To be ‘included’ in the current study participants were required to have both LDS and 
CELF-3 data available. Thus, those participants ‘not included’ only had data available on 
one, or neither, of these measures. b Sample restricted to participants who met the 
inclusionary criteria for the study. 
 
Further analyses were then completed comparing differences in LDS and CELF-3 
scores for children who did and did not have data available on these two measures (see 
Table 3.4). There were no differences in LDS scores for those with and without CELF-3 
data. Similarly, when comparing the CELF-3 receptive and expressive language index 
scores for those with and without LDS data available, there were no statistically significant 
differences between groups. 
 
Table 3.4 Scores on the LDS and CELF-3 according to those participants included in the 
current study analysis and those from the wider Raine cohort who were not includeda 
 
Includedb  Not includedb 
p n M (SD)  n M (SD) 
LDS        
Number of words 783 188.30 (83.75)  389 185.44 (86.33) .586 
CELF-3       
Receptive language 
index score 
783 101.99 (15.72)  733 101.45 (16.12) .510 
Expressive language 
index score 
783 91.87 (14.78)  733 91.45 (15.39) .587 
Note. LDS = Language Development Survey; CELF-3 = Clinical Evaluation of Language 
Fundamentals-3rd Edition; p-values are for two-tailed independent-sample t-tests.  
a Sample restricted to participants who met the inclusionary criteria for the study. b To be 
included in the current study participants were required to have both LDS and CELF-3 
data available. Thus, those participants ‘not included’ only had data available on one of 
these measures. 
 
Children who were classified as late talkers at 2 years (n = 90) demonstrated both 
stable and changing patterns of performance. A proportion of late talkers continued to 
present with low language at the 10-year follow-up (a ‘consistently low’ language group, n 
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= 44, 49%), while other late talkers showed ‘improved’ language by performing within 
normal limits on the CELF-3 at age 10 (n = 46, 51%). In a similar manner, of the children 
who had typical language at 2 years (n = 693), there was a subgroup who continued to 
show language skills within normal limits at age 10 (‘consistently typical’ language n = 511, 
74%), and children with a ‘deteriorating’ language profile, in that they were not late talkers 
but demonstrated low language on the CELF-3 at 10 years (n = 182, 26%).  
3.4.1 Model 1  
The unadjusted ORs of Model 1 (comparing deteriorating and consistently typical 
groups) are shown in Table 3.5. These univariable analyses found that maternal and 
paternal educational attainment, maternal age, maternal smoking during pregnancy, family 
income at first clinic visit, reading exposure at 2 years, male sex, presence of internalising 
behaviours and externalising behaviours at 2 years were associated with deteriorating 
language profiles at the p < .10 level. These factors were carried over in the multivariable 
logistic regression model. There was no evidence of multicollinearity between the factors 
retained in Model 1 (VIF < 2). The adjusted ORs from the final model revealed that 
maternal smoking during pregnancy (adjusted OR = 2.25, 95% CI [1.40, 3.59], p = .001), 
paternal incomplete secondary education (adjusted OR = 1.56, 95% CI [1.03, 2.36], p = 
.037), low family income (adjusted OR = 1.73, 95% CI [1.14, 2.64], p = .010), no (or little) 
exposure to reading at 2 years (adjusted OR = 2.02, 95% CI [1.08, 3.77], p = .027), and 
being male (adjusted OR = 1.59, 95% CI [1.07, 2.36], p = .022) were associated with an 
increased risk of deteriorating language profiles at age 10. As indicated by adjusted ORs < 
2.5 the effect sizes of these associations were all reasonably small (Rosenthal, 1996). 
Pearson’s Goodness of fit test indicated the model fitted the data well as evidenced by a 
non-significant p-value (Pearson’s 2 = 12.08, df = 7, p = .09). 
 
Table 3.5 Unadjusted logistic regression estimates of the deteriorating and consistently 
typical language profiles 
 Typicala verse Deteriorated language 
Characteristic 
Typicalb 
511 
n (%) 
Deterioratedc 
182 
n (%) OR [95% CI] p 
Maternal educational level     
Incomplete secondary 248 (49.4%) 119 (66.8%) 2.06 [1.44, 2.95] <.001 
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education (< 12 years) 
Complete secondary 
education  
254 (50.6%) 59 (33.2%) Reference  
Maternal race     
Non-Caucasian 35 (7.0%) 15 (8.4%) 1.23 [0.65, 2.31] .519 
Caucasian 468 (93.0%) 163 (91.6%) Reference  
Maternal age     
< 19 years 19 (3.8%) 16 (9.0%) 2.41 [1.20, 4.82] .013 
20-34 years 389 (77.3%) 136 (76.4%) Reference  
> 35 years 95 (18.9%) 26 (14.6%) 0.78 [0.49, 1.26] .313 
Maternal smoking during 
pregnancy 
    
Yes 80 (15.9%) 57 (32.0%) 2.49 [1.68, 3.70] <.001 
No 423 (84.1%) 121 (68.0%) Reference  
Paternal educational level     
Incomplete secondary 
education (< 12 years) 
222 (50.0%) 100 (67.1%) 2.04 [1.38, 3.01] <.001 
Complete secondary 
education  
222 (50.0%) 49 (32.9%) Reference  
Paternal age     
< 19 years 11 (2.2%) 6 (3.4%) 1.48 [0.53, 4.08] .451 
20-34 years 344 (68.4%) 127 (71.3%) Reference  
> 35 years 148 (29.4%) 45 (25.3%) 0.82 [0.56, 1.22] .330 
Family income below poverty 
line 
    
Yes (< $24,000 AUD) 133 (27.4%) 80 (47.1%) 2.35 [1.64, 3.38] <.001 
No (> $24,000 AUD) 352 (72.6%) 90 (52.9%) Reference  
Parity     
> 1 265 (52.7%) 101 (56.7%) 1.18 [0.83, 1.67] <.351 
0 238 (47.3%) 77 (43.3%) Reference  
Reading exposure at 2 years     
Monthly/never 35 (6.9%) 29 (16.0%) 2.57 [1.52, 4.34] <.001 
Daily/weekly 471 (93.1%) 152 (84.0%) Reference  
Sex     
Male 246 (48.1%) 104 (57.1%) 1.44 [1.02, 2.02] .037 
Female 265 (51.9%) 78 (42.9%) Reference  
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Note. OR = odds ratio; CI = confidence interval; AUD = Australian dollar. 
a Reference group. b Typical language at both the 2- and 10- year follow-ups. c Typical 
language at 2 years, and below average on language assessment at 10 years. d Measured 
using the Child Behaviour Checklist at 2 years (Achenbach, 1991a). 
p-values < .10 are in boldface. p < .10 was chosen as a less stringent cut-off to prevent 
against the exclusion of potentially important variables in the univariable stage.  
 
3.4.2 Model 2 
As shown in Table 3.6, the unadjusted ORs from Model 2 (comparing consistently 
low and improved language groups) revealed that maternal smoking during pregnancy and 
lower paternal educational attainment were associated with children having increased risk 
of showing consistently low language skills compared to children whose language delays 
improved, at the p < .10 level. There was no evidence of multicollinearity between the two 
factors (VIF < 2). The adjusted ORs arising from the multivariable logistic regression model 
revealed that maternal smoking during pregnancy was associated with more than a three-
fold increase in risk for consistently low language skills at 10 years (adjusted OR = 3.34, 
95% CI [1.02,10.92], p = .046). This association had a medium effect size (OR < 4, 
Rosenthal, 1996). Further, the association with paternal educational attainment was no 
longer significant (p > .05). The Goodness of fit test showed the model fitted the data well 
(Pearson’s 2 = 1.28, df = 2, p = .52). 
 
Birth weight     
Low (< 2500 gram) 36 (7.1%) 12 (6.6%) 0.93 [0.47, 1.83] .837 
Normal (> 2500 gram) 475 (92.9%) 170 (93.4%) Reference  
Gestational age     
Premature (< 37 weeks) 51 (10.0%) 17 (9.3%) 0.93 [0.52, 1.65] .803 
Full-term (> 37 weeks) 460 (90.0%) 165 (90.7%) Reference  
Internalising behavioursd     
Yes 32 (6.3%) 20 (11.0%) 1.85 [1.03, 3.32] .040 
No 479 (93.7%) 162 (89.0%) Reference  
Externalising behavioursd     
Yes 54 (10.6%) 29 (15.9%) 1.60 [0.99, 2.61] .057 
No 457 (89.4%) 153 (84.1%) Reference  
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Table 3.6 Unadjusted logistic regression estimates of the improved and consistently low 
language groups 
 Improveda verse Consistently Low  
Characteristic 
Improvedb 
46 
n (%) 
Lowc 
44 
n (%) OR [95% CI] p 
Maternal educational level     
Incomplete secondary 
education (< 12 years) 
26 (59.1%) 30 (69.8%) 1.60 [0.66, 3.87] .300 
Complete secondary 
education  
18 (40.9%) 13 (30.2%) Reference  
Maternal race     
Non-Caucasian 3 (6.8%) 3 (7.0%) 1.02 [0.13, 8.11] 1.00d 
Caucasian 41 (93.2%) 40 (93.0%) Reference  
Maternal age     
< 19 years 2 (4.6%) 4 (9.3%) 1.75 [0.30, 10.29] .536 
20-34 years 28 (63.6%) 32 (74.4%) Reference  
> 35 years 14 (31.8%) 7 (16.3%) 0.44 [0.15, 1.24] .119 
Maternal smoking during 
pregnancy 
    
Yes 8 (18.2%) 15 (34.9%) 2.41 [0.89, 6.49] .082 
No 36 (81.8%) 28 (65.1%) Reference  
Paternal educational level     
Incomplete secondary 
education (< 12 years) 
20 (54.0%) 28 (75.7%) 2.64 [0.98, 7.12] .054 
Complete secondary 
education  
17 (46.0%) 9 (24.3%) Reference  
Paternal age     
< 19 years 0 (0.0%) 2 (4.7%) - e - e 
20-34 years 27 (61.4%) 28 (65.1%) Reference  
> 35 years 17 (38.6%) 13 (30.2%) 0.74 [0.30, 1.80] .505 
Family income below 
poverty line 
    
Yes (< $24,000 AUD) 14 (32.6%) 13 (31.7%) 0.96 [0.38, 2.40] .933 
No (> $24,000 AUD) 29 (67.4%) 28 (68.3%) Reference  
Parity     
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Note. OR = odds ratio; CI = confidence interval; AUD = Australian dollar. 
a Reference group. b Late talker at 2 years, but average on language assessment at 10 
years. c Delayed language at both the 2- and 10- year follow-ups. d Exact logistic 
regression used as expected cell frequency < 5. e Univariable analyses unable to be 
estimated due to insufficient cell numbers. f Measured using the Child Behaviour Checklist 
at 2 years (Achenbach, 1991a). 
p-values < .10 are in boldface. p < .10 was chosen as a less stringent cut-off to prevent 
against the exclusion of potentially important variables in the univariable stage. 
 
3.5 Discussion 
This study explored intrinsic and extrinsic factors present in a child’s life at 2 years 
which influence the stability of language growth over eight years for children who were, 
and were not previously classified as late talkers. Of particular interest, was the 
> 1 33 (75.0%) 32 (74.4%) 0.97 [0.37, 2.55] .950 
0 11 (25.0%) 11 (25.6%) Reference  
Reading exposure at 2 
years 
    
Monthly/never 6 (13.0%) 10 (22.7%) 1.96 [0.64, 5.95] .235 
Daily/weekly 40 (87.0%) 34 (77.3%) Reference  
Sex     
Male 34 (73.9%) 31 (70.5%) 0.84 [0.33, 2.12] .714 
Female 12 (26.1%) 13 (29.5%) Reference  
Birth weight     
Low (< 2500 gram) 4 (8.7%) 3 (6.8%) 0.77 [0.11, 4.86] 1.00d 
Normal (> 2500 gram) 42 (91.3%) 41 (93.2%) Reference  
Gestational age     
Premature (< 37 weeks) 5 (10.9%) 5 (11.4%) 1.05 [0.22, 4.95] 1.00d 
Full-term (> 37 weeks) 41 (89.1%) 39 (88.6%) Reference  
Internalising behavioursf     
Yes 6 (13.0%) 6 (13.6%) 1.05 [0.31, 3.55] .934 
No 40 (87.0%) 38 (86.4%) Reference  
Externalising behavioursf     
Yes 9 (19.6%) 7 (15.9%) 0.78 [0.26, 2.31] .651 
No 37 (80.4%) 37 (84.1%) Reference  
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identification of risk factors for deteriorating and consistently low language profiles. While 
effect sizes were small in magnitude, maternal smoking during pregnancy, lower levels of 
paternal education, low family income, poor early literacy environment, and being male 
were all statistically significantly associated with a deteriorating language profile. In 
contrast, a medium effect size was found for maternal smoking during pregnancy which 
was the only identified risk factor for consistently low language ability. 
Overall, the present results support the growing body of evidence that language 
development in childhood is highly variable and that patterns of change exist over time 
(e.g. Dale et al., 2014). The results of the current study also provide further evidence that a 
history of late talking places children at risk of persisting language delays into middle 
childhood. More specifically, almost half of the children who were late talkers in the current 
study presented with low language skills at 10 years (49%). This percentage of children at 
risk of persisting language delays is somewhat higher than that reported in other 
longitudinal studies. For example, in the ELVS cohort, approximately 30% of late talkers 
continued to present with low language skills at 4 years (Reilly et al., 2010). While Rice et 
al. (2008) reported that only 20% of late talkers in the RASCALS cohort scored more than 
1 SD below the mean on a standardised language assessment at 7 years. Thus, overall 
there is evidence that approximately 20-50% of late talkers remain at risk of continued 
language problems and it is of great clinical importance to better understand how to 
differentiate these children with resolved versus persistent language delays from an early 
age to ensure the appropriate support is provided to those children most in need. 
Another finding arising from the current study was that approximately one quarter 
(26%) of children who presented with typical language skills at 2 years, demonstrated low 
language at 10 years (deteriorating profile). Again, this percentage is higher than the 
previous proportions reported in other cohort studies (ranging from 6-19%) (Poll & Miller, 
2013; Reilly et al., 2010; Rice et al., 2008). Despite the variability in the proportion of 
children experiencing deteriorating language skills, the identification of early indicators of 
this deteriorating language profile has been relatively under-examined compared to the 
prediction of outcomes for late talkers. Hence, the results of the current study also provide 
important advancements on previous cohort studies by identifying characteristics present 
in the child’s life at 2 years, which placed them at risk of deteriorating language skills. The 
significant risk factors identified in the current study are discussed further below in relation 
to other cohort studies in this area. 
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Consistent with previous research, the current study found that lower 
socioeconomic status, including family income and lower paternal educational level, were 
associated with poorer language outcomes. This association between low family income 
and poorer language ability is well-supported in other cohort studies that have examined 
predictors of language impairment, language development, and language change (Dale et 
al., 2014; McKean et al., 2015; Reilly et al., 2010; Taylor et al., 2013). The findings of the 
current study add to this body of research by demonstrating that children from low-income 
families are at risk of a relative lack of language development by middle childhood even in 
the presence of typical expressive language ability at 2 years. One possible explanation 
for this identified association between socioeconomic status and language outcomes can 
be drawn from clinical studies which have conducted detailed investigations into the 
possible mechanisms driving the relationship between socioeconomic status and language 
development in smaller samples of children. The results arising from these clinical studies 
suggest that children born into families with lower incomes are exposed to less child-
directed speech, and it is this reduced exposure to language in the home environment 
which subsequently impacts language proficiency in the toddler and preschool years 
(Fernald, Marchman, & Weisleder, 2013; Hart & Risley, 1995; Weisleder & Fernald, 2013).  
  In terms of parental educational level, children with fathers who had not completed 
secondary education were at increased risk of deteriorating language skills. Interestingly, 
this association did not remain for mothers with incomplete secondary education once 
included in the multivariable model. This finding is noteworthy as previous population-
based studies, including the ELVS and the LSAC, have tended to focus on the influence of 
maternal educational attainment on language outcomes (e.g. McKean et al., 2015; Reilly 
et al., 2010). However, as further studies that consider fathers’ educational level emerge, 
there is increasing evidence of the important contributions fathers make to children’s 
language skills (e.g. Chapter 2 or Armstrong, Scott, et al., 2016; Zambrana et al., 2014). 
Given this association was independent of family income at 2 years, it is hypothesised that 
other possible explanations could include the influence of greater paternal education on 
fathers’ communication style and family activities and time spent supporting children’s 
educational attainment. Further research is needed to explore these hypotheses and to 
determine the specific contribution underlying the influence of paternal educational level on 
child language development. 
In addition to the role of socioeconomic factors, the current study lends further 
support to the importance of the early home learning environment, in terms of book 
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reading, for affecting language outcomes (e.g. McKean et al., 2015). Previous work arising 
from the ELVS reported that the frequency of book reading in the early years predicted 
significant variance in language scores at 4 years (McKean et al., 2015). Similarly, in the 
LSAC cohort, children with low levels of parent-child book reading across early childhood 
were at increased risk of a poor vocabulary at 4 years (Farrant & Zubrick, 2013), and also 
poorer school outcomes up to the age of 11 years (Kalb & van Ours, 2014). Hence, the 
results of the current study provide additional evidence towards the importance of parents 
reading to children as young as 2 years to support language development even into middle 
childhood.  
Another risk factor associated with deteriorating language profiles was being male. 
Whilst most studies show males are at increased risk of language difficulties (e.g. Harrison 
& McLeod, 2010; Zambrana et al., 2014), there is some evidence that this association may 
be influenced by age. Zubrick et al. (2007), for example, found in the RASCALS cohort 
that boys were more likely to be late talkers. However, unlike the results of the current 
study, when children in the RASCALS cohort were followed-up at 7 years of age, there 
was no evidence that the sex effects for language outcomes remained (Rice et al., 2008). 
Recent work from Rice and Hoffman (2015) found that females performed better than 
males in the early years (3 to 4 years) on a measure of receptive vocabulary but this 
association was then reversed from 10 to 21 years with males having higher vocabularies 
than females. The differences arising from cohort studies is noteworthy as male sex is 
commonly used and promoted as a ‘red flag’ for children at risk of language difficulties. 
Thus, further research which disentangles this relationship between sex, age and 
language development is warranted as this will have important implications for guiding 
early identification and intervention. 
Finally, maternal smoking during pregnancy was the only risk factor to be 
associated with both deteriorating as well as consistently low language. This finding adds 
to the results of Chapter 2, providing additional evidence of the harmful effects of maternal 
cigarette smoking on child language outcomes. As previously discussed in Chapter 2, the 
complexity of the association between maternal smoking and language outcomes must be 
acknowledged, particularly in regards to the role of smoking during pregnancy on later-
emerging language difficulties. Although, overall the results arising from the current study 
continue to highlight the vulnerability for language impairment that exists for children 
whose mothers smoked during pregnancy, and provides compelling rationale for continued 
campaigns to inform parents of the hazards of smoking on child development. 
74 
 
When drawing together the results of the current study with previous cohort studies 
examining predictors of language impairment at one point in time, language growth and 
patterns of language change, it becomes clear that there is substantial variability regarding 
which factors consistently present as a significant risk for childhood language impairment. 
The differences in results arising from cohort studies could be due to several reasons. 
Firstly, there is inconsistency in the assessment tools used to measure both predictors and 
outcomes across studies, and variability also exists in the potential risk factors which are 
included in studies, with some factors being consistently included and others rarely 
considered. Whilst this can be largely due to availability of measures in the data collected 
as part of the cohort, variability in results may be attributable to which factors are included 
in the models and their subsequent interactions with other variables. While the results of 
the current study provide preliminary evidence of certain factors increasing the risk of 
deteriorating language profiles, the notably small effect sizes suggest it remains difficult to 
provide a definitive list of specific risk factors which can be used to guide professionals in 
improving early identification practices. 
3.5.1 Clinical implications 
The current study identified four developmental language profiles from 2 to 10 years 
of age, and found key risk factors present in the first two years of life that influenced these 
developmental trajectories. Firstly, the patterns of change identified in this study have 
important implications for researchers, clinicians and educators. Professionals working 
with children across the preschool and school-age years need to be aware of these 
developmental language profiles and the fluidity that exists in language development for 
children. It is important that this knowledge translates to ongoing monitoring and 
appropriate intervention for these children at risk of poor language outcomes even into the 
school-age years. Furthermore, educators need to ensure continued surveillance practices 
which monitor children’s language development over time, even when testing in early 
childhood reports an absence of deficits.  
The identification of risk factors, which are present early in the child’s development, 
addresses the clinical issue of profiling children who are most at risk for long-term 
language weakness. Accordingly, the current study provides preliminary evidence as to 
where preventative services could be targeted, as early as 2 years, to achieve the greatest 
gains for children’s language outcomes. In terms of specific risk factors, the current study 
demonstrates that socioeconomic status, home learning environment, and child sex, play 
an important role in language development, even in the presence of typical early 
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expressive language skills. These novel findings identify risk factors for children who were 
not late talkers but whose language does not continue to develop in a typical manner. 
These children would not be identified by early screening and would not traditionally be 
considered, or eligible, for intervention services if their language ability was only measured 
at 2 years of age.  
Overall, these findings raise important implications in terms of the identification and 
intervention for language delays particularly in the early foundational years. The risk 
factors identified as part of the current study largely underpinned areas of socioeconomic 
disadvantage. This suggests that for children from families with lower socioeconomic 
status, additional resources are required to optimally support language and learning in 
both early childhood and at school. However, as highlighted in a recent review by Cartmill 
(2016) there are many additional factors which need to be considered when providing 
intervention programs which are targeted at low income families to ensure the programs 
do not marginalize members of the community and do not contribute to stigma concerning 
what is considered to be poor parenting practices (Cartmill, 2016). Further research is 
needed which investigates the efficacy of early intervention (and prevention) programs that 
are aimed at reducing the impact of additional risk factors on language development. It is 
also important that these intervention programs are able to translate to long-term language 
and educational gains for children to try and break the intergenerational cycle of 
disadvantage that exists for children from low socioeconomic backgrounds (Ukoumunne et 
al., 2012).  
As highlighted by the results of the current study, the planning of future intervention 
services should have a family-centred approach and consider the role of fathers, as well 
as mothers, in all efforts to improve language development. This includes fathers’ 
involvement in intervention and early language development programs and strategies. 
Finally, the findings from the current study can inform public policy and provide vital 
information about the role families can play in fostering positive language outcomes for 
their children. One practical way of achieving this is encouraging parental reading to 
children so as to support language development thereby reducing the risk of adverse 
outcomes associated with later language delays (e.g. Farrant & Zubrick, 2013; McKean et 
al., 2015). However, one of the challenges facing clinicians and educators in this area, is 
the impact of poor parental language and literacy skills on the quantity and quality of 
reading to children. Thus, one important goal for clinicians and researchers alike, is to 
ensure intervention programs are accessible to children and their families from all socio-
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demographic backgrounds and to take into account the range of parental language and 
literacy skills that may impact the implementation of a program in the home environment 
(Nutbrown, Hannon, & Morgan, 2005). 
3.5.2 Limitations and future directions 
The current study utilised data from a large prospective longitudinal cohort study 
which allowed for the investigation of early life predictors influencing developmental 
language pathways from 2 to 10 years. However, there are several limitations and areas 
for future research directions which must be acknowledged. Firstly, participants included in 
the current study were from more advantaged backgrounds, and therefore the potential 
impact on the strength of the reported associations must be acknowledged. Further, the 
small numbers across the improved and consistently low language groups may have 
precluded the identification of further risk factors beyond maternal smoking during 
pregnancy for consistently low language skills due to insufficient statistical power. Thus, 
identification of predictors of later language skills for those children who were late talkers 
should continue to be one of the highest priorities for future research to assist with 
prioritising early intervention for those late talkers most at risk of persistent language 
delays (Dale et al., 2014).  
It must also be acknowledged that the standardised scores which were used to 
classify participants as delayed in the current study were based on a normative sample of 
American children. As a result, the items included in the assessment and the normative 
data may not take into account nuances of language and dialectal differences in Australian 
children (Ing et al., 2012). It is hypothesised that the use of American norms may have 
influenced the higher percentage of children (29%) who presented with low language skills 
(< 1SD below the population mean) in the current study. This percentage is higher than 
the 16% that one would expect if the sample was randomly drawn from the same 
population upon which the test was normed. This higher proportion of children presenting 
with delays and the use of normative data from another country, suggest the results from 
the current study should be interpreted with caution due to the potential impact on the 
internal validity and generalisability of the reported findings.  
Further, whilst the included risk factors in the current study were guided by 
evidence arising from other cohort studies in this area, analyses were restricted by the 
inclusion of variables that had been collected as part of the Raine Study. Thus, there may 
be other factors not included as part of the analysis which also influence developmental 
language pathways. These may include early receptive language ability at 2 years (e.g. 
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Desmarais et al., 2008; Thal et al., 2013), maternal mental health (e.g. Taylor et al., 2013) 
and family history of speech/language difficulties (e.g. Reilly et al., 2007). Finally, this 
study focused on factors present at age 2 as it is beneficial from an educational and 
clinical perspective to be able to predict, prior to preschool, which children will have weak 
language skills in middle childhood. However, it is acknowledged that mediating factors 
occurring between the assessment points may have a substantial influence on language 
development. For example, considering the child’s educational history and progress 
(including childcare, and school) may provide important insights into understanding 
language outcomes for children. Thus, further research is needed to explore the role of 
mediating factors, including educational provisions, particularly for children with resolving 
language trajectories. 
3.6 Conclusion 
The results of the current study provide further evidence showing the variability that 
exists in language development from early to middle childhood. Social disadvantage, early 
home literacy environment, and male sex were driving risk factors of language difficulties 
at age 10 for children who were not late talkers. The identification of early life risk factors 
for later language weakness remains important for professionals to be able to prioritise 
high-risk children in need of early prevention services to ultimately improve the long-term 
outcomes experienced by these children. 
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4 Chapter 4: Predicting language difficulties in middle childhood from early 
developmental milestones: A comparison of traditional regression and machine 
learning techniques 
 
 
Chapters 2 and 3 investigated the early life characteristics that influenced poor language 
outcomes by focusing on patterns of change in language performance across two 
assessment points. Further, the characteristics included in the predictive models 
considered the child in the context of their broader environment through the inclusion of 
parent and family, as well as child-related, factors. Key risk factors were identified across 
both Chapters 2 and 3. However, there were inconsistencies as to which factors influenced 
language outcomes in both studies. Therefore, this chapter (Chapter 4) explores a 
different approach, namely developmental screening, as another possible method for 
improving early detection of children at risk of long-term language weakness. More 
specifically, this chapter focuses more closely on the child’s level of ability by using a 
screening measure that captures skills across developmental domains including 
communication, motor, social and adaptive functioning. Furthermore, this chapter 
compares traditional logistic regression models to machine learning algorithms to explore 
whether improvements in predictive ability of early screening measures on language 
outcomes can be achieved.  
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4.1 Abstract 
 
The current study had two overarching aims. The first of these was to compare traditional 
logistic regression models with machine learning algorithms to investigate how well 
communication performance on a screening measure at 3 years predicted future language 
status at 10 years. The study’s second aim was to determine whether the inclusion of 
broader developmental skills (motor, social and adaptive) at 3 years in the machine 
learning models increased the predictive ability of language outcomes over and above 
communication skills alone. Participants (n = 1,322) were drawn from the Western 
Australian Pregnancy Cohort (Raine) Study. A general developmental screener, the Infant 
Monitoring Questionnaire (IMQ), was completed by caregivers at the 3-year follow-up. 
Language ability at 10 years was assessed using the Clinical Evaluation of Language 
Fundamentals (CELF). Logistic regression models and interpretable machine learning 
algorithms were run. Overall the findings indicated that the model prediction accuracies 
were comparable between the traditional approach and machine learning models. Using 
traditional logistic regression, the overall model prediction accuracy was 73.6%. 
Application of machine learning algorithms found that when including only communication 
questions the overall model prediction accuracy was 66.16%, and this increased slightly to 
66.82% when IMQ questions measuring broader developmental domains were entered 
into the model. The current study provides preliminary evidence that machine learning 
algorithms provide equivalent predictive accuracy to traditional methods. Further, the 
inclusion of broader developmental skills did not appear to improve predictive capability. 
These results are discussed in relation to further avenues for exploring machine learning in 
a clinical context to improve early detection methods. 
 
Keywords: developmental screening, IMQ, language, decision tree, longitudinal, Raine 
Study 
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4.2 Introduction 
Developmental language disorders (DLD) are characterised by language difficulties 
not associated with a known biomedical aetiology (Bishop, Snowling, Thompson, & 
Greenhalgh, 2016), and are estimated to affect approximately 7% of school-aged children 
(Law et al., 2000; McLeod & Harrison, 2009; Tomblin, Records, et al., 1997). The impact of 
DLD can be seen across many life domains including increased risk of literacy difficulties 
(Catts et al., 2002), poor educational performance (Conti-Ramsden & Durkin, 2016), as 
well as social, emotional and behavioural problems (Yew & O'Kearney, 2013) that persist 
into adulthood (Law et al., 2009). Given the relatively high prevalence and pervasive 
impact of DLDs, there is a strong emphasis on the importance of early intervention to 
facilitate the language learning process during the foundational years of communication 
development (Hebbeler et al., 2007). This emphasis on early intervention has led to 
considerable research efforts towards improving the identification of language difficulties at 
younger ages, so that treatment can be delivered to infants before difficulties with 
language become entrenched and interfere with later development (e.g. Wallace et al., 
2015). 
A challenge facing early identification of DLD is the variability that exists in 
language development. While children undergo a broad progression of developmental 
language milestones, there is considerable variability between children. There is evidence 
from population-based studies that the majority of children with language delays who 
present in the first 2-3 years of life, resolve to perform within normal limits at a later time 
point (Reilly et al., 2010). For example, the Early Language in Victoria Study (ELVS) found 
that of the children deemed late talkers at 2 years (that is children scoring below the 10th 
percentile on the MacArthur-Bates Communicative Development Inventory), 70% resolved 
their initial delays by 4 years of age (Reilly et al., 2010). Furthermore, a minority of children 
begin developing typically but then show late-emerging language difficulties when 
assessed later in development (Chapter 2 or Armstrong, Scott, et al., 2016; Dale et al., 
2014; Ukoumunne et al., 2012; Zambrana et al., 2014). This variability in the development 
of language, particularly in the first three years of life, makes it challenging to determine 
the children who will have persisting language difficulties and thus warrant scarce clinical 
services in the early years. Consequently, much research has focused on improving the 
early predictors of children at risk of lasting language difficulties.  
Not surprisingly, there has been a strong focus on early language ability as a 
potential predictor of later language outcomes. These studies have utilised parent report of 
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their child’s early language skills (using a range of communication screening instruments) 
and results demonstrate that prediction of language outcomes is relatively poor (Dale et 
al., 2003; Duff, Nation, et al., 2015; Feldman et al., 2005; Henrichs et al., 2011; Rescorla, 
2009). In particular, child performance on language screeners at 24 months has been 
shown to explain low amounts of variance in later language outcomes (Duff, Nation, et al., 
2015; Rescorla, 2009). For example, Duff, Nation, et al. (2015) report that in their sample 
of 300 children, infant vocabulary (which was a composite measure of receptive and 
expressive vocabulary) explained only 16% of the variance in later vocabulary skills when 
the children were assessed at 4 to 9 years of age. This evidence suggests that using 
parent-report screening tools of language ability before 2 years, in isolation, is not a 
reliable predictor of language outcomes (Duff, Nation, et al., 2015). 
Given that early language ability alone is not a sufficiently specific indicator of risk 
for future language delays, other studies have focused on the broader characteristics of 
the child and family that may affect subsequent language development. Using this 
approach, a child’s level of risk for persisting DLD is considered in the context of parental, 
family and child-related influences. Results arising from population-based studies provide 
evidence supporting the role of certain factors in language development, including male 
sex, low socioeconomic status, and low parental education (e.g. Chapter 2 or Armstrong, 
Scott, et al., 2016; McKean et al., 2015). However, overall the risk factors found to be 
associated with language outcomes and the strength of their influence on language 
development varies greatly across studies and thus, the use of broad risk factors is still not 
clinically feasible for health professionals or policy makers to inform which children should 
receive early intervention (Wallace et al., 2015).  
In order to improve the clinical utility of early identification, there has been increased 
emphasis on the identification of other developmental markers that may confer risk of 
persisting DLD. For example, previous work has focused on the impact of child behaviour 
on language outcomes (Law, Rush, et al., 2013; McKean et al., 2015; Taylor et al., 2013; 
Zubrick et al., 2007). Much of this research reports early behavioural concerns (including 
shy and reactive temperaments, and internalising behaviours) as being predictive of later 
language outcomes (Chapter 2 or Armstrong, Scott, et al., 2016; Law, Rush, et al., 2013; 
McKean et al., 2015; Taylor et al., 2013). Another developmental indicator that has been 
explored in relation to language development is social competence. Evidence exists 
supporting a reciprocal relationship between language development and social 
competence (e.g. Horwitz et al., 2003; Irwin et al., 2002). This relationship between 
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language and social development is thought to exist because socially competent children 
have more opportunities to participate in language-based exchanges, resulting in better 
language development (e.g. Gallagher, 1999). Likewise, poor social competence may limit 
social interactions and opportunities to practice and improve language skills, in turn 
leading to less optimal language and social competency. However, previous work in this 
area has largely focused on the toddler years, with little research exploring how early 
social competencies influence later language development in the school-age years. 
There has been relatively less emphasis on other developmental domains such as 
motor ability, as a predictor of language development in large cohort studies. There is 
existing evidence of co-morbidities between motor impairment and language impairment in 
children with DLD (e.g. Hill, 2001). There is also some evidence to suggest that 
developmental ability in one domain predicts performance in the other (e.g. Piek, Dawson, 
Smith, & Gasson, 2008). Although this association has received increasing attention in 
research investigating early motor skills as a possible predictor of language development 
in children considered at-risk for Autism Spectrum Disorder (ASD; Bhat, Galloway, & 
Landa, 2012; Lebarton & Iverson, 2013; Leonard, Bedford, Pickles, & Hill, 2015), to date 
this has not been comprehensively investigated in community-based samples of children. 
While a relationship between motor and language skills as a possible screen for later 
cognitive and language outcomes was suggested in earlier work arising from the Dunedin 
Multidisciplinary Child Development Study (e.g. Silva, McGee, & Williams, 1982), the few 
more recent studies in the area which have considered the predictive ability of early motor 
skills on long-term language outcomes in population-based cohorts present mixed 
findings. For example, Wang et al. (2014) found in the Norwegian Mother and Child Cohort 
Study (n = 62,944) that early motor skills at 1.5 years predicted later communication skills 
at 3 years. On the other hand, another large-scale study (n = 13,016) found that gross and 
fine motor ability measured at 9 months, on the Denver Screening Test, was not a 
significant predictor of language performance at age 5 in the Millennium Cohort Study 
(Law et al., 2012). Given these mixed findings, further research which explores the 
influence of other developmental interactions on language outcomes is warranted. It may 
be that in addition to screening for early language difficulties, additional screening for other 
neurodevelopmental vulnerabilities, such as motor or social skills delays, may further 
inform the risk of persistent language difficulties.  
The current study addressed this gap by utilising a parent-report screening 
instrument which incorporated both early measures of language development as well as 
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motor and social development as possible indicators of later language outcomes. This 
notion of using developmental screening for early identification of language or broader 
developmental difficulties is not a new concept. However, the feasibility of developmental 
screening remains somewhat contested in the literature. In a systematic review conducted 
by Law et al. (2000), it was concluded that there was a paucity of available data to make 
meaningful judgements regarding the value of screening procedures, and it was not 
possible to recommend universal screening based on the available evidence. More 
recently, systematic reviews have examined the use of screening in terms of speech and 
language delay (Nelson et al., 2006; Wallace et al., 2015), and developmental difficulties 
(Warren et al., 2016).  Similarly to Law et al. (2000), the overall recommendation in terms 
of screening for speech and language delay in children under 5 years, was that the 
evidence on the routine use of brief, formal screening instruments in primary care settings 
still remains insufficient (Siu, 2015; Wallace et al., 2015). Similarly, with regards to 
screening for broader developmental delay, the current recommendation advises against 
screening for developmental delays using standardised tools in children aged one to four 
years with no apparent signs of developmental delay and whose parents and clinicians 
have no concerns about the child’s development (Warren et al., 2016). 
Despite this controversy surrounding the current use of developmental screening, 
successful screening practices have the potential to be cost-effective and efficient ways for 
improving clinical practice and outcomes. These potential advantages include the earlier 
detection of language difficulties for children who may otherwise go undetected, and also 
the earlier provision of intervention for these children before language problems become 
engrained and interfere with formal education and behavioural adjustment. Thus, given the 
potential advantages of effective screening practices and the substantial contribution early 
screening practices may make in improving the provision of early intervention services, 
this chapter focuses on the use of a screening instrument as a possible indicator for 
detecting long-term, persistent language difficulties. 
More specifically, machine learning (ML) algorithms are applied to investigate the 
use of early developmental screening for predicting language outcomes. Machine learning 
allowed for the inclusion of more neurodevelopmental predictors and offered unique 
contributions to understanding the complex relationships that underlie a condition 
compared with the more traditional logistic regression approaches. Logistic regression 
models, a form of linear statistics, have a mathematical basis in which the relationship 
between variables is determined using mathematical equations. This method of statistics 
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relies on the data meeting numerous assumptions prior to the analyses being completed 
(Hosmer, Lemeshow, & Sturdivant, 2013). In contrast to logistic regression methods, ML 
does not assume a priori knowledge about the statistical distributions that govern the data. 
Instead, ML is based on computational science in which an algorithm is learnt from the 
data without relying on rule-based programming (Alpaydin, 2014). In this way, ML 
algorithms attempt to identify important patterns within the available data to provide 
accurate models for making prospective predictions. As well as providing predictions in 
terms of overall outcome, many ML methods can also produce model visualisations which 
provide insight into which variables contribute most to the prediction based on statistical 
grounds. In this manner, a decision tree algorithm, as used in the current study, provides a 
tree-like visualisation that consists of nodes and branches. The nodes are split in 
sequence with variables related most strongly to the outcome appearing higher in the tree. 
As well as being useful for identifying variables as a task by itself, this process can also be 
used for increasing the accuracy of ML models by removing extraneous variables from the 
data. Furthermore, it is argued that ML, including the use of decision trees, can be 
advantageous over logistic regression approaches, due to the increased capacity to 
handle imbalanced group sizes, and to detect subtle non-linear interactions between 
predictors, which are often ‘averaged’ out in regression models (Mohri, Rostamizadeh, & 
Talwalkar, 2012). Thus, it was considered that using ML approaches to compare a suite of 
neurodevelopmental indicators could potentially be more accurate in predicting language 
outcomes than the traditional linear statistical methods. 
Similar to Chapter 3, the current study used data collected from a population–based 
cohort of children in Perth, Australia (the Raine Study). A general screening questionnaire 
– the Infant Monitoring Questionnaire (IMQ) – was administered on the children at 3 years 
of age, and a formal language test was performed at age 10 years. The current study 
addressed the following three research aims: (i) to assess the accuracy of individual items 
of the communication subscale (of the IMQ) at 3 years to predict language outcomes at 
age 10 years when applying traditional logistic regression models, (ii) to evaluate whether 
there is any improvement in the predictive ability of the items in the communication 
subscale on language outcomes when applying ML algorithms, and (iii) to test whether the 
inclusion of communication subscale items as well as broader IMQ data relating to motor 
skills, adaptive skills, and personal-social skills, improves the overall predictive ability of 
the ML models. It was firstly hypothesised that ML algorithms would have increased 
capability for predicting which 3-year-olds would have lasting language difficulties 
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compared to the linear statistical approach that is traditionally applied in predictive studies. 
This was hypothesised based on the likelihood of ML algorithms being able to provide 
more insight given the probable non-linear nature of the relationship and the more 
sensitive nature of ML algorithms in identifying specific behaviours that are predictive of 
later difficulties, over and above the traditional approach. Secondly, it was hypothesised 
that by incorporating data from broader domains as part of research aim three, predictive 
ability would be further increased compared to the ML algorithms that focused only on 
communication data. This hypothesis was driven by preliminary evidence suggesting that 
other developmental skills, beyond communication, may in fact contribute to language 
outcomes (e.g. Wang et al., 2014). 
4.3 Method 
4.3.1 Participants 
As per Chapter 3, participants were part of the Raine Study which originated in 
Perth (Australia) between May 1989 and November 1991. The Raine Study is a 
longitudinal study of mothers and their offspring, with follow-up occurring at multiple stages 
across the child’s development (see description of the Raine cohort in Chapter 3 for further 
details). Participant recruitment and all follow-ups received ethical approval from the 
Human Ethics Committee at the King Edward Memorial Hospital. 
Also in line with Chapter 3, to avoid confounds relating to English as a second 
language and the presence of additional disabilities, children were excluded from the 
current study if their mother reported speaking a language other than English at home at 
the first clinic visit (n = 160), or if the child was reported to have a diagnosis of an 
additional disability (hearing impairment, intellectual disability) at the 10-year follow-up (n = 
47). Further, analysis was confined to only those participants who had both the IMQ and 
CELF-3 data available (see Figure 4.1). 
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Figure 4.1 Flow diagram representing the participants included in the current study from 
the wider Raine cohort. IMQ = Infant Monitoring Questionnaire; CELF-3 = Clinical 
Evaluation of Language Fundamentals-3rd Edition.  
 
4.3.2 Measures 
4.3.2.1 Infant Monitoring Questionnaire (IMQ). The IMQ (Squires et al., 1990) is 
a parent-report checklist, designed to screen children for delayed development during the 
early foundational years. The IMQ has demonstrated high sensitivity (93% overall) and 
speciﬁcity (94% overall) for detecting developmental delay, and high inter-observer 
agreement (r = .87–.97) and good test–retest reliability (r = .91-.99; Bricker, Squires, 
Kaminski, & Mounts, 1988). There are different versions of the instrument which are 
dependent on the age of the child, with forms available for use with children aged from 4 to 
36 months of age. The IMQ was collected as part of the Raine Study at the 1-year, 2-year, 
and 3-year follow-ups. The questionnaire data collected at the 3-year follow-up were the 
main focus of the current study, although the 1-year and 2-year data were also used for 
further comparisons as part of the ML models.  
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The 3-year version of the IMQ lists 30 age-appropriate behaviours, divided into ﬁve 
subscales, with each subscale containing six items. The subscales encompass 
communication, gross motor, fine motor, adaptive and personal–social domains. For each 
item, parents are asked to rate whether their child demonstrates the behaviour on a 3-
point scale including: always (1 point), sometimes (0.5 points) or never (0 points). Ratings 
are traditionally tallied to provide a score out of six for each domain, with higher scores 
indicating greater levels of ability. At 36 months, the at-risk threshold for a clinically 
signiﬁcant delay in the development of communication skills is a score below 4.6 (Squires 
et al., 1990). For all analyses, the individual parent ratings on each item (i.e. always, 
sometimes, or never), for each subscale, were retained. As logistic regression does not 
account for missing data, for research aim one, scales with one or more missing items 
were not included in the analysis, leaving a total of 1,180 participants with complete IMQ 
communication data. 
4.3.2.2 Clinical Evaluation of Language Fundamentals-3rd Edition (CELF-3). As 
was described in further detail in Chapter 3, language ability in the Raine cohort was 
assessed at the 10-year follow-up (mean = 10.54; SD = .20; range = 9.42-12.33) with the 
CELF-3 (Semel et al., 1995). Similarly to Chapter 3, low language was defined on the 
basis of receptive or expressive composite scores falling more than 1 SD below the 
population mean (equivalent to standard scores less than 85). Thus, to be classified in the 
low language group, participants could have demonstrated delays in only receptive or 
expressive language areas or both domains. Based on this cut-off, participants were 
categorised into two groups: (i) unimpaired group (typical receptive and expressive 
language), and (ii) low language group (below average receptive and/or expressive 
language). 
4.3.3 Covariates  
Maternal educational attainment, family income and sex were also included in the 
ML models as these parameters consistently influence language ability when assessed at 
one point in time (Harrison & McLeod, 2010; McKean et al., 2015; Reilly et al., 2010). 
Maternal educational attainment was categorised as incomplete secondary education (< 
12 years), and complete secondary education (12 years). Family income was 
dichotomised into those income levels which were below (< $24,000) or above (> $24,000) 
the poverty line as defined by the Australian Government cut-off at the time of recruitment 
into the Raine Study. 
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4.3.4 Statistical analysis 
Chi-square analyses were used to examine the influence of participant attrition by 
comparing sociodemographic variables present at birth between the participants included 
in the current study (that is, those with both IMQ and CELF-3 data available), and the 
remainder of the Raine cohort. Next, the predictive validity of the IMQ communication 
subscale at 3 years on later language outcomes at 10 years was evaluated using both 
traditional statistical approaches (logistic regression) and more recent ML approaches. 
Firstly, to address research aim one, the number of correct and incorrect predictions of 
language outcomes were calculated based on a logistic regression model constructed 
using the communication IMQ data from 3 years of age, with language ability at 10 years 
as the outcome variable. To ensure comparability with the ML algorithms, logistic 
regression models included the scores for the individual IMQ communication questions at 
3 years. The number of correct predictions included: (i) children who were predicted to 
have low language at 10 years, who did actually present with low language (true positives, 
TP), and (ii) children predicted to have typical language at 10 years, who did actually 
present with typical language (true negatives, TN). Incorrect predictions were also 
counted, and included: (i) those children who were predicted to have typical language 
skills but demonstrated low language at 10 years (false negatives, FN), and (ii) the 
remaining children who were predicted to have low language but actually demonstrated 
typical language skills (false positives, FP). These four subgroups (TP, TN, FP, and FN) 
were then used to calculate sensitivity and specificity.  
Sensitivity refers to the proportion of clinical cases (that is, children with delayed 
language development) that are correctly classified by the earlier screening procedure 
(Law et al., 2000) and is measured using the formula TP/(TP+FN). In relation to the current 
study, sensitivity referred to the children who were predicted to have low language at 10 
years as a proportion of the total number of correct predictions added to the incorrect 
predictions where no language delays were predicted by the model but the child was found 
to have low language. Specificity, on the other hand, refers to the ability of a test to 
correctly identify the proportion of unaffected children who had been correctly classified by 
the screening procedure (Law et al., 2000). Specificity is calculated by the equation 
TN/(TN+FP). In the current study, specificity calculations provided an indication of the 
children who were predicted to have typical language at 10 years as a proportion of the 
total number of correct predictions added to the incorrect predictions where low language 
skills were predicted by the model but the child was found to have typical language. 
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Likelihood ratios were also then calculated from the sensitivity and specificity values. 
Positive likelihood ratios were calculated using the formula: sensitivity/(1 – specificity). 
Similarly, negative likelihood ratios were calculated by the equation: (1-
sensitivity)/specificity. A likelihood ratio value of 1 is interpreted to mean that the test does 
not change the probability at all. Thus, positive likelihood ratios higher than 1 indicates a 
higher probability that the disorder is present.     
Next, to address research aims two and three, the following ML procedures were 
performed. First, the outlined analysis looked solely at the ML models produced using only 
data from the communication subscale (aim two) and then secondly, further models were 
created including the communication subscale as well as the broader IMQ data (consisting 
of gross motor, fine motor, personal-social, and adaptive subscales) to evaluate whether 
the predictive validity improved (aim three). 
4.3.4.1 Software for machine learning algorithms.  There are many different ML 
algorithms that exist (Thornton, Hutter, Hoos, & Leyton-Brown, 2013), and one of the 
principles of ML is that of ‘no free lunch’, which suggests that no one ML algorithm is best 
for all datasets (Wolpert & Macready, 1997). This notion that there is no universal best 
learning algorithm for all problems has been supported through comprehensive 
experiments evaluating modern ML methods (Caruana & Niculescu-Mizil, 2006). 
Therefore, initial testing of ML models constructed with a large range of algorithms should 
be performed to see if specific algorithms that are more suitable for the current data can 
be identified. The WEKA (Waikato Environment for Knowledge Analysis) open source 
machine learning software was used for this study as it contains a comprehensive sample 
of ML algorithms (Hall et al., 2009). However, there are many algorithms available and 
each algorithm has its own hyperparameters that can be manipulated and can hence 
drastically change the performance of the model leading to an overwhelming number of 
possible alternatives for ML users. For this reason, Auto-WEKA (Kotthoff, Thornton, Hoos, 
Hutter, & Leyton-Brown, 2016) was used in the current study as it has the built-in capacity 
to automatically and simultaneously choose a learning algorithm and set its 
hyperparameters based on the data available. In this way, Auto-WEKA explores 
hyperparameter settings for many algorithms and recommends to the user the optimal 
method that will likely have good generalisation as opposed to other ML algorithms where 
the parameter settings are at the discretion of the user and can be heavily affected by user 
knowledge or an over-reliance on the default parameters which may not be suitable for the 
dataset (Kotthoff et al., 2016). 
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4.3.4.2 Type of algorithms. Machine learning algorithms can be categorised into 
two large groups based on their output: interpretable or non-interpretable algorithms. 
Interpretable algorithms, referred to as white-box models, provide output that can be 
understood and it is possible to readily interpret how each prediction was made. On the 
other hand, non-interpretable algorithms, referred to as black-box models (Liu et al., 2014), 
are not able to be as easily understood. While the discriminatory power of black-box 
models is often significantly better than that of more interpretable models (Liu et al., 2014), 
interpretable models are preferred in the medical field to ensure the output is readily 
interpretable for clinicians (Valdes et al., 2016). The current study focused on interpretable 
models to allow for clinical interpretation of the findings; however further analyses with 
non-interpretable models were also run for comparison. 
4.3.4.3 Learning scenarios. Machine learning algorithms can be applied and 
trained under two major different scenarios: supervised and unsupervised. In supervised 
learning, the predicted output (in this case language impairment at age 10 years) is known 
and used to train the models. Whereas in unsupervised machines, the desired output is 
unknown, and the objective is to discover structure in the data, not to generalise a 
mapping from inputs to outputs (Asadi, Dowling, Yan, & Mitchell, 2014). The current study 
applied supervised ML algorithms in which the predicted outcome of language ability was 
known.  
4.3.4.4 Validation. Another important feature of ML is the use of appropriate forms 
of validation for the resulting models. Specifically, cross-validation should be used for 
selecting the best models when choosing between different algorithms and internal model 
parameters. This should be followed by the testing of the final models selected on an 
unseen test-set not used in the training of the models to produce a more robust estimate of 
generalisability (e.g. Altman & Royston, 2000). The current study used 10-fold cross-
validation for the initial assessment and model selection phase. This cross-validation 
approach involved splitting the training data into ten segments, using nine-parts as the 
training set and then the tenth part as the test-set and rotating the roles of each segment 
until all ten segments had been used as the test-set. The parameter combinations found to 
provide the highest cross-validated accuracy were then recorded. The final best models 
selected for each hypothesis based on this cross-validated accuracy were then further 
validated on a randomly selected test-set of data, stratified by proportion for each outcome 
to maintain the same class distribution, from participants that were not included in the 
construction of the model.  
91 
 
4.3.4.5 Default and optimised parameters. In the initial instance, 14 different 
interpretable algorithms were run using the default parameters within WEKA to determine 
if any particular algorithm had a major advantage on this dataset. As previously 
mentioned, these default parameters can be systematically modified in an effort to 
increase accuracy to find the highest cross-validated accuracy for a dataset. After 
selecting a final algorithm based on both accuracy and appropriateness to this data, 
including the necessity that it is interpretable, the internal parameters of the model were 
then tuned via cross-validation as a best effort approach to optimise the predictive 
accuracy of the model.  
4.3.4.6 Decision trees. Decision trees allow for a visual (or graphical) 
representation of the patterns within the data. As was the case for the current study, this 
results in a graphical display of the questions on the IMQ that explained the most variation 
in the language outcome variable. Decision trees use a top-down approach. They begin 
with a single root node at the top of the ‘tree’ and then at each step a variable (i.e. the IMQ 
item) that ‘best’ splits the data is chosen resulting in branches of the tree (Rokach & 
Maimon, 2005). The concept of entropy is used to calculate the best splits at each level of 
the tree, that is, the variable determined by the entropy calculation to provide the greatest 
information gain in terms of predicting the outcome. This process has the advantage of 
placing the variables most important in the decision-making process at the top of the tree, 
which facilitates the identification of the relative strength of each variable when making 
predictions (which was particularly relevant for aim three). This calculation of nodes and 
branches is repeated until final predictions are made for the output variable. The 
advantages of decision trees include the use of a white-box model which allows for the 
tree to be easily interpreted and understood. Decision trees also perform well with large 
datasets and can handle missing values (Bhargava, Sharma, Bhargava, & Mathuria, 2013; 
Kononenko, 2001).  
One of the problems that can impact the results obtained in ML models surrounds 
class imbalance (e.g. Benítez, García-Pedrajas, & Herrera, 2012; He & Garcia, 2009). The 
class imbalance problem occurs when at least one of the classes (minority class) is 
underrepresented in the training sample compared to the remaining class. As described in 
more detail by Ibarguren et al. (2015), class imbalance is a concern for decision tree 
algorithms because as part of the pruning process (described below) leaf nodes are 
deleted to maximise accuracy gain until no further deletion increases accuracy. Thus, in 
the presence of class imbalance, the deleted branches are usually responsible for 
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correctly classifying the minority class (Ibarguren, Pérez, Muguerza, Gurrutxaga, & 
Arbelaitz, 2015, pp 51). Class imbalance was observed in the current dataset (476 with 
low language compared with 1,040 with normal development). For this reason the J48 
Consolidated algorithm, which uses the Consolidated Tree Construction algorithm, was 
selected due to its theoretical capacity to deal with this class imbalance problem 
(Ibarguren et al., 2015). 
After the decision tree has been generated the size of the tree can be controlled by 
using a technique called pruning. Pruning is an important step for reducing the size of the 
tree, reducing the likelihood of over-fitting and resulting in a tree that is faster and easier to 
interpret (Pérez, Muguerza, Arbelaitz, Gurrutxaga, & Martín, 2007). In relation to the J48 
Consolidated algorithm, there are many internal parameters that are available to be varied 
as part of the pruning mechanisms. The current study used the error-based pruning 
procedure proposed by Quinlan (1993), which consists of common pruning mechanisms 
applied to many decision tree algorithms. The confidence factor and minimum number of 
objects need to be specified as part of the pruning process. The confidence factor is used 
for pruning the tree to prevent overtraining and is represented as ‘C’ in WEKA. In the 
current study confidence factor values were varied systematically from 0.1 to 0.5 (default 
0.25), with smaller values incurring more pruning. The minimum number of cases that 
must be predicted by each final leaf node is represented as ‘M’ in WEKA. The minimum 
coverage of leaf nodes being tested in the current study included values of 2 (default), 4, 
6, 8 and 10. Thus, by increasing the minimum number of cases, it decreases the number 
of leaf nodes as the smaller ones are removed. Pruned trees were always used in the 
current study.  
As previously mentioned, the J48 Consolidated algorithm was selected in the 
current study due to its ability to handle the class imbalance. To handle this class 
imbalance the J48 Consolidated algorithm has further internal parameters that may be 
varied which control the way in which it compensates for the differences in class sizes. In 
this way a set of balanced subsamples (i.e. an even number of low language and typical 
participants represented in each subsample) are created from the training sample, and 
decision trees are built from each subsample. However, instead of building each tree 
independently (which would result in the creation of multiple decision trees that are less 
interpretable), the decision on each split is voted on by all trees. All trees (from each 
subsample) then comply with the majority vote, regardless of their individual vote. This 
process is repeated until the trees agree to stop growing, and a single decision tree output 
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is then generated (Pérez et al., 2007). There are many parameters that can be 
manipulated in this way. In particular, the size of the sample used for tree construction as 
a percentage of the training set size can be set to the size of the minority class, or the 
maximum possible size given the distribution of the minority class and using no 
replacement, which is the default value used for all models. The new value of the 
distribution of the minority class instances to be represented in each sample can also be 
selected and was varied systematically from 10% to 70% after selecting the best values for 
the confidence factor and minimum coverage of the leaf nodes. The number of samples 
generated for use in the consolidation process was varied to try the default value of 99% 
coverage, 90% coverage and 80% coverage as well as by directly selecting the number of 
samples to be generated (5, 10, 50, 100).  
After selecting the two best models (one generated using only the communication 
subscale, and one generated from all of the IMQ data including the gross and fine motor, 
personal-social and adaptive subscales) based on their cross-validated accuracy, 
confusion matrices were generated to provide overall predictive accuracies, sensitivity and 
specificity values for the final models. While model accuracy validation via cross-validation 
is preferred due to the greater likelihood of generalisability, confusion matrices for the 
training set data is also reported as this is more directly comparable to the calculations 
derived from the logistic regression models. 
Finally, to estimate the potential for non-interpretable models, the Auto-WEKA 
procedure was then applied to the larger dataset. The interpretable models focused only 
on IMQ data available at the 3-year follow-up as it is more common in a clinical 
environment to only have assessment results available at one time point (i.e. when the 
child first presents to the clinic for help). However, further investigation using a black-box 
approach allowed for the inclusion of available IMQ scores at the 1-year, 2-year and 3-
year follow-ups, to compare how predictive ability changed based on the larger dataset.  
 
4.4 Results 
4.4.1 Attrition 
Attrition analysis comparing the sociodemographic characteristics of the Raine 
cohort participants who were and were not included in the current study revealed that 
participants included in the current study were from more advantaged backgrounds than 
those lost to follow-up (see Table 4.1). Those participants included in the study were more 
likely to have mothers who were older at the birth of the child, who had completed 
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secondary school, and did not smoke during pregnancy. Similarly, current participants had 
fathers who were older at the birth of the child and had completed secondary education, 
and they were also more likely to be born into families with higher income. 
 
Table 4.1 Characteristics of participants in the Raine cohort who were ‘Included’ (n = 
1,180) and were ‘Not Included’ (n = 1,481) in the current studya 
 
Includedb Not Includedb 
p n (%) n (%) 
Maternal age at birth of child    
< 19 years 71 (6.1%) 198 (13.8%)  
20-34 years 907 (78.1%) 1085 (75.6%)  
> 35 years 184 (15.8%) 152 (10.6%) <.001 
Maternal race    
Non-Caucasian 92 (7.9%) 142 (9.9%)  
Caucasian  1070 (92.1%) 1293 (90.1%) .080 
Maternal education    
Incomplete secondary school (< 
12 years) 
640 (55.1%) 980 (68.5%)  
Completed secondary school  522 (44.9%) 450 (31.5%) <.001 
Maternal smoking in pregnancy    
1-10 daily 143 (12.3%) 284 (19.8%)  
> 11 daily 105 (9.0%) 204 (14.2%)  
No 914 (78.7%) 947 (66.0%) <.001 
Paternal age    
< 19 years 32 (2.8%) 91 (6.4%)  
20-34 years 817 (70.3%) 1032 (71.9%)  
> 35 years 313 (26.9%) 312 (21.7%) <.001 
Paternal education    
Incomplete secondary school 
  (< 12 years) 
554 (54.9%) 717 (66.9%)  
Completed secondary school  456 (45.1%) 354 (33.1%) <.001 
Family income below poverty line     
Yes (< $24,000 AUD) 373 (33.5%) 682 (51.2%)  
No (> $24,000 AUD) 742 (66.5%) 651 (48.8%) <.001 
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Gestational age    
< 37 weeks 122 (10.3%) 173 (11.7%)  
> 37 weeks 1058 (89.7%) 1308 (88.3%) .273 
Birth weight    
< 2,500 gram 93 (7.9%) 143 (9.7%)  
> 2,500 gram 1087 (92.1%) 1328 (90.3%) .098 
Sex    
Male 620 (52.5%) 738 (49.8%)  
Female 560 (47.5%) 643 (50.2%) .165 
Note. AUD = Australian dollars. p-values are for Chi-square analyses.   
a To be ‘included’ in the current study participants were required to have both Infant 
Monitoring Questionnaire (IMQ) and Clinical Evaluation of Language Fundamentals-3rd 
Edition (CELF-3) data available. Thus, those participants ‘not included’ only had data 
available on one, or neither, of these measures. b Sample restricted to participants who 
met the inclusionary criteria for the study. 
 
4.4.2 Descriptive information 
From the wider Raine cohort, when applying the clinical cut-off specified as part of 
the IMQ version for 36 month olds, 202 children in the Raine cohort had scores below the 
threshold (< 4.6) and demonstrated delayed communication skills, with 1,543 children 
presenting with typical communication skills at the 3-year follow-up (> 4.6). At 10 years, 
when applying a 1 SD cut-off to identify low language on the CELF-3, 476 children 
presented with low language skills, and 1,040 children demonstrated typical language 
skills at the 10-year follow-up. For addressing research aim one, Table 4.2 shows the 
revised numbers when the original cohort was restricted to only those participants with 
complete communication subscale IMQ data and CELF-3 data available (n = 1,180, 41.1% 
of the original Raine cohort). Table 4.2 also displays the results of the Chi-square analysis 
showing the statistically significant association between scores on the communication 
subscale at 3 years (when applying a threshold cut-off) and language outcomes at 10 
years. 
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Table 4.2 Contingency table displaying delayed and typical communication skills on the 
IMQ at 3 years and language outcomes at 10 years on the CELF-3 
Note. IMQ = Infant Monitoring Questionnaire. 
a Language measured at 10 years using the Clinical Evaluation of Language 
Fundamentals-3rd Edition (CELF-3). b Low language defined as standard scores < 85 and 
typical language categorised as standard scores > 85 on the CELF-3. c Only includes 
those children with complete IMQ communication subscale data at age 3 years. 
 
4.4.3 Predictive validity of the communication subscale using traditional scoring 
approach 
Results from the logistic regression model indicated a statistically significant 
relationship between delayed communication at age 3 and language difficulties at age 10 
years (p < .05). Table 4.3 summarises the incorrect and correct predictions obtained via 
logistic regression for children based on their language classifications at 3 years on the 
IMQ communication subscale, and at 10 years on the CELF-3. In terms of validity scores, 
the IMQ had low sensitivity (17.7%) but high specificity (96.7%).  
 
Table 4.3 Contingency table displaying predicted and observed outcome for language at 
10 years (n = 1,180) 
Note. + LR = Positive Likelihood Ratio; -_LR = Negative Likelihood Ratio; TP = true 
positive; FN = false negative; FP = false positive; TN = true negative. 
  
Language at 10 yearsa 
   
 
 
Low  
languageb 
Typical 
languageb Total 2(1) p 
IMQ at 
3 
yearsc 
Failed (< 4.6) 76 49 125   
Passed (> 4.6) 268 787 1,055 67.79 <.001 
 Total 344 836 1,180   
  Classified as     
Actual  Delayed  Typical Sensitivity Specificity + LR -_LR 
Delayeda  61 (TP)  283 (FN) 17.7% 96.7% 5.29 0.85 
Typicala  28 (FP)  808 (TN) Accuracy = 73.6% 
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a Delayed language defined as standard scores < 85 and typical language categorised as 
standard scores > 85 on the Clinical Evaluation of Language Fundamentals-3rd Edition 
(CELF-3). 
 
4.4.4 Results from machine learning algorithms when applying the default 
parameters in WEKA 
The results from the 14 different algorithms when applying the default parameters 
(as defined in WEKA) are shown in Table 4.4 for the communication subscale as well as 
the communication and broader IMQ data at 3 years (referred to as ‘all IMQ’). It should be 
kept in mind that due to the class imbalance the overall accuracy achievable by predicting 
all participants as typical was 68.61%. As shown in Table 4.4, the overall mean across all 
models for communication data only was 66.51% and this slightly increased to 68.32% 
when all IMQ data was included. This difference was mostly driven by the poor 
performance of the MODLEM model (42.98%) on the communication only dataset. 
However, both overall mean accuracies were still less than what would be expected by 
chance alone (68.61%). 
 
Table 4.4 Predictive validity of the IMQ on language outcomes using default machine 
learning parameters (percentage accuracy using 10x10 fold cross-validation) 
  Communication 
only 
All IMQ 
Algorithm type Method Default parameters Default parameters 
Tree Decision 68.66 69.66 
Tree J48 69.69 69.62 
Tree J48 Consolidated 65.91 64.43 
Tree Simple Cart 69.74 70.38 
Tree BFTree 69.26 70.07 
Tree REPTree 69.4 69.18 
Rule based Decision Table 68.75 68.61 
Rule based FURIA 69.63 69.38 
Rule based JRip 69.2 69.67 
Rule based PART 69.94 68.75 
Rule based Ridor 68.87 69.22 
Rule based Conjunctive 68.53 68.48 
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Rule based MODLEM 42.98 64.99 
Rule based NNge 60.59 64 
Summary results Overall mean 66.51 68.32 
Note. IMQ = Infant Monitoring Questionnaire. 
 
The highest predictive accuracy that was obtained when considering all IMQ data 
was achieved by the Simple CART (Classification and Regression Tree) algorithm 
(70.38%) but this was only marginally higher (1.77%) than assuming all participants are 
typical (68.61%) when only using the IMQ communication questions. After examining the 
initial results, from Table 4.4, when applying a range of different interpretable algorithms to 
this dataset, it was observed that there was no one particular model better than the rest. 
For this reason, and as outlined in detail in the Methods section 4.3.4.6, the final models 
were constructed using the J48 Consolidated algorithm. The J48 Consolidated algorithm 
was chosen on the theoretical basis that it was designed to be appropriate for imbalanced 
classes as seen in this dataset (e.g. Ibarguren et al., 2015). 
 
4.4.5 Results from machine learning algorithms when optimising the parameters in 
WEKA using J48 Consolidated algorithms 
The first attempt to improve model prediction accuracy was to manipulate the 
internal parameters that can be varied for the J48 Consolidated algorithm. The internal 
model parameters were fine-tuned, using cross-validated accuracy to inform the attempts 
to optimise the model prediction accuracy. As previously mentioned, by predicting no 
language impairment at age 10 for all participants, an accuracy of 68.61% could be 
achieved. As shown in Table 4.5, none of the decision tree models generated using either 
the communication only dataset, or the complete IMQ dataset, achieved this level of 
accuracy using 10-fold cross-validation when systematically varying the confidence factor. 
Overall, the inclusion of the additional data in the complete dataset typically resulted in a 
slight reduction in accuracy when compared with the communication only dataset at each 
level for which the confidence factor was tested, apart from very highly pruned trees at the 
lowest confidence factor of 0.1 (i.e. 66.09 communication only verse 66.82% all IMQ data). 
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Table 4.5 10-fold cross-validated accuracy values for different confidence factor levels 
 
Note. IMQ = Infant Monitoring Questionnaire. 
 
The highest accuracy was achieved with a C value of 0.2 for the communication 
only dataset and a C value of 0.1 when including all IMQ data (shown in bold in Table 4.5). 
Increasing the minimum number of instances per leaf node either maintained the same 
accuracy or decreased accuracy at all levels tested for the confidence factor except for 
one combination of values (C = 0.5, M = 10) for the communication only data (Accuracy = 
65.76% compared with 65.69% for M = 2) (output not shown). This increase in accuracy 
was minimal and the resulting tree was over pruned, and thus was not considered 
appropriate when selecting a final best model. 
Further manipulations of the internal parameters of the J48 Consolidated algorithms 
were then completed to control for differences in class sizes. The results from varying the 
distribution of the minority class in each sample are displayed in Table 4.6. This was 
performed after selecting the best values for the confidence factor (C = 0.2 for the 
communication only data and C = 0.1 using all IMQ data) and the minimum number of 
cases covered (M = 2). 
As shown in Table 4.6, 10-40% distribution of the minority class provided higher 
accuracy than the default value of 50%. The highest accuracy for modelling both the 
communication only and all IMQ data was at a 30% distribution, equal at 70.38% accuracy 
(shown in bold in Table 4.6). However, the number of TP (97) was higher for all IMQ data 
than for communication only data (66, Table 4.6). This effective rebalancing of the class 
reduced the number of correct TP predictions when compared with the default of 187 TP 
at 50% of the minority class in each sample for the communication only data and 230 for 
all IMQ data (shown in italics in Table 4.6). This loss of TP predictions for small gains in 
accuracy was not considered worthwhile as it is more important to identify TP in the clinical 
situation than to have a small increase in overall accuracy. Increases in the proportion of 
Confidence Factor Communication only All IMQ 
0.1 66.09 66.82 
0.2 66.16 65.83 
0.25 66.02 65.96 
0.3 66.02 65.56 
0.4 65.83 65.69 
0.5 65.69 64.7 
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the minority class in the sample above 50% decreased accuracy using both the 
communication only and all IMQ data.  
 
Table 4.6 Percentage cross-validated accuracy and number of True Positives (TP) when 
varying the percentage of the minority class represented in each sample 
 Communication only (C = 0.2)  All IMQ (C = 0.1) 
Distribution of the 
minority class in each 
sample (%) 
Cross-validated 
Accuracy 
TP  
Cross-validated 
Accuracy 
TP 
10 69.19 12  69.39 16 
20 69.39 27  69.33 32 
30 70.38 66  70.38 97 
40 69.46 104  67.02 164 
50 66.19 187  66.82 230 
60 56.33 324  52.04 343 
70 31.66 476  44.92 420 
Note. IMQ = Infant Monitoring Questionnaire; TP = True Positives. The default percentage 
used in previous models was 50%. 
 
Varying the number of samples generated from the default value of 99% did not 
improve cross-validated accuracy in any case (output not shown). Given the accuracy 
achieved via cross-validation indicated that no significant learning was taking place in the 
models, it was considered inappropriate to do further validation using a training-test set 
paradigm. 
Results indicated that varying the confidence factor and the distribution of the 
minority class in each sample used by the J48 Consolidated algorithm had the greatest 
effect on cross-validated accuracy for both the communication only and including all IMQ 
data. However, the loss of sensitivity when reducing the minority class distribution was 
considered clinically poor. 
4.4.6 Results from the final optimised models and corresponding decision trees  
Following the optimisation process the best two models, one using only 
communication data (C = 0.2) and the second using all IMQ data (C = 0.1), were selected. 
Tables 4.7 and 4.8 display the predictive accuracies obtained from the cross-validated 
models using the communication only and all IMQ data, respectively. As can be seen, the 
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cross-validated predictive accuracy of the communication only subscale was 66.16% (C = 
0.2), and this increased marginally to 66.82% when all IMQ data was included (C = 0.1) 
(Tables 4.7 and 4.8 respectively). The sensitivity increased from 39.3% for the 
communication only data to 48.3% when all IMQ data at 3 years was included in the 
model, while the specificity slightly reduced from 78.5% to 75.3%.  
 
 
Table 4.7 Year 3 communication confusion matrix via cross-validation, C = 0.2 
Note. + LR = Positive Likelihood Ratio; -_LR = Negative Likelihood Ratio; TP = true 
positive; FN = false negative; FP = false positive; TN = true negative. 
 
 
Table 4.8 Year 3 all IMQ data confusion matrix via cross-validation, C = 0.1 
Note. + LR = Positive Likelihood Ratio; -_LR = Negative Likelihood Ratio; TP = true 
positive; FN = false negative; FP = false positive; TN = true negative. 
 
 
To allow for a closer comparison with the predictive accuracies obtained earlier 
from the logistic regression model, Table 4.9 shows the confusion matrix output obtained 
when using the training set. As shown in Table 4.9, the ML models found higher sensitivity 
(44.3% compared to 17.7%), but lower specificity (77.2% compared to 96.7%) when 
compared to the accuracies obtained from the logistic regression calculations reported 
earlier in Table 4.3. 
 
 
 
  Classified as     
Actual  Delayed  Typical Sensitivity Specificity + LR -_LR 
Delayed  187 (TP)  289 (FN) 39.3% 78.5% 1.82 0.77 
Typical  224 (FP)  816 (TN) Accuracy = 66.16% 
  Classified as     
Actual  Delayed  Typical Sensitivity Specificity + LR -_LR 
Delayed  230 (TP)  246 (FN) 48.3% 75.3% 1.96 0.69 
Typical  257 (FP)  783 (TN) Accuracy = 66.82% 
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Table 4.9 Year 3 communication confusion matrix via training set, C = 0.2 
Note. + LR = Positive Likelihood Ratio; -_LR = Negative Likelihood Ratio; TP = true 
positive; FN = false negative; FP = false positive; TN = true negative 
 
Visual representations of these two final models were then created using 
consolidated decision trees. This allowed for the visualisation of how the decision tree 
models predict outcomes for each child. It also shows visually which questions on the IMQ 
were most important for determining language outcomes as the more important questions 
appear closer to the top of the tree. The communication only decision tree is shown in 
Figure 4.2, and Figure 4.3 displays the decision tree when all IMQ questions at 3 years of 
age were considered.  
It is important to note that the decision tree shown in Figure 4.3 is for example 
purposes only as it was generated using more pruning (C = 0.1) as indicated by the best 
cross-validated model, but also by increasing the minimum number of instances in each 
leaf node to 4 (even though the best results were found at 2). This was done to make the 
size of the tree readable in this format. Further, both of the decision trees shown in Figure 
4.2 and Figure 4.3 should be interpreted with caution due to the poor accuracy of the 
models overall. Instead, they are provided to give some indication about the relative 
importance of the different questions of the IMQ. For this reason, some of the paths 
through the tree do not make sense clinically because the overall models are not very 
accurate. 
 
.  
 
  Classified as     
Actual  Delayed  Typical Sensitivity Specificity + LR -_LR 
Delayed  211 (TP)  265 (FN) 44.3% 77.2% 1.95 0.72 
Typical  237 (FP)  803 (TN) Accuracy = 66.88% 
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Figure 4.2 Decision tree predicting language outcomes at 10 years in the Raine cohort 
based on communication scores on the Infant Monitoring Questionnaire at 3 years. 
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Figure 4.3 Decision tree predicting language outcomes at 10 years in the Raine cohort 
based on parent-report of child abilities on all items of the Infant Monitoring Questionnaire 
at 3 years. 
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4.4.7 Findings from non-interpretable models using Auto-WEKA 
 Finally, the Auto-WEKA procedure was applied to the larger dataset using all IMQ 
data that was available at the 1-, 2- and 3- year follow-ups. After running for 5 days, the 
best model identified by Auto-WEKA achieved an accuracy of 79.48% (see Table 4.10). 
This predictive accuracy was a large increase over the best consolidated tree models 
obtained from the interpretable algorithms (approximately 66% accuracy) with only the 3-
year data. Further, as shown in Table 4.10, while the sensitivity remained similar to that 
identified from the interpretable models, there was a significant increase in the specificity 
of the model.   
 
Table 4.10 Confusion matrix for the best model identified by Auto-WEKA using an 
expanded dataset including all IMQ items from the Year 1, Year 2 and Year 3 follow-ups in 
the Raine cohort 
Note. IMQ = Infant Monitoring Questionnaire; TP = true positive; FN = false negative; FP = 
false positive; TN = true negative. 
 
This predictive accuracy obtained from the non-interpretable models was achieved 
by a combination of feature selection and the use of three models voting together on a 
final outcome. Initially, the Auto-WEKA model performed attribute selection using forward 
Best First searching for the best subset of features based on their correlation with the 
outcome (Hall, 1999). Following this procedure, the final best subset of variables included: 
 Year 1 Fine motor item 1: “Does your baby try to turn the pages of either a book or 
magazine?” 
 Year 2 Communication item 2: “If you point to a picture of a dog (or kitty, shoe, ball 
etc.), and ask him “What is this?”, does your child name at least one picture 
correctly?” 
 Year 2 Communication item 4: “Does your child make sentences that are three or 
four words long?” 
  Classified as  
Actual  Delayed  Typical  
Delayed  195 (TP)  281 (FN) Sensitivity = 41% 
Typical  30 (FP)  1,010 (TN) Specificity = 97.1% 
     Accuracy = 79.48% 
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 Year 3 Communication item 1: “When looking at a picture book, does your child tell 
you what is happening in the picture?” 
 Year 3 Adaptive item 3: “When you say “Listen, say 5-8-3” does your child repeat 
these three numbers in the correct order?” 
 Year 3 Personal-Social item 2: “Using these exact words, ask “Are you a boy or a 
girl?” Does your child answer correctly?” 
 Family income at first clinic visit 
 Maternal educational attainment  
 
The final model using these variables was a combination of two Random Tree models 
(which randomly select a number of attributes at each node for consideration) and a voted 
perceptron model (Freund & Schapire, 1999) with the final outcome being chosen by 
averaging the probabilities of class assignment over the three models.  
 
4.5 Discussion 
The current study was a preliminary investigation into whether the use of ML algorithms 
could improve the prediction of language outcomes in a population-based sample. More 
specifically, it was hypothesised that ML approaches may offer a unique opportunity to 
advance the field of speech pathology by comparing whether a suite of behavioural 
indicators of neurodevelopment, captured by a general developmental screening 
instrument, could be used as more accurate indicators of future language status, over and 
above the traditional approach of considering early language ability alone. Overall, the 
results of this study did not support our hypotheses. The results obtained from the ML 
algorithms were equivalent to the predictive accuracy from the traditional logistic 
regression approach and were no better than expected by simply classifying all children as 
having no language delay. These results are discussed in detail below. 
The first research aim investigated the predictive ability of the communication 
subscale at 3 years on language outcomes at 10 years by applying a traditional logistic 
regression model. When applying the threshold cut-off for 36 months, there was a 
significant association between communication skills at 3 years and language performance 
at 10 years, which supports previous evidence that early language ability is to some 
degree predictive of language outcomes in middle childhood (e.g. Chapters 2 and 3; Poll & 
Miller, 2013; Rice et al., 2008). The overall classification rate identified in the current study 
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when using the traditional logistic regression approach was 73.6%. However, while this 
approach had high specificity (96.7%), the sensitivity was poor (17.7%). These data 
indicate that the model was not very successful at identifying those children who would 
actually go on to develop poor language at 10 years because of the high number of 
children who were typical for language development at 3 years but later had language 
delays (false negatives). In comparing these results with the original sensitivity (0.75) and 
specificity (0.93) calculations from the IMQ (Bricker & Squires, 1989), it is evident that the 
specificity value identified in the current study is comparable to earlier work; however, 
there is a marked difference in sensitivity. This suggests that the IMQ is less adequate at 
identifying infants with delays at 3 years that will actually go on to have language problems 
at 10 years. 
The majority of the previous work that has considered the use of early screening 
measures to predict language outcomes has focused on the first four years of the child’s 
life, but reported results largely comparable to that of the current study showing poor 
sensitivity and higher specificity. For example, Henrichs et al. (2011) utilised data from the 
Generation R Study to examine continuity of early vocabulary development from 18 to 30 
months of age. Results suggested little evidence to support the benefits of screening for 
language delays at 18 months, due to the low sensitivity (30%) found for predicting 
expressive language scores at 30 months based on communication skills at 18 months. In 
another study using data from the Twins Early Development Study (TEDS), Dale et al. 
(2003) investigated the ability to predict language outcomes at 3 and 4 years from 2-year 
language data. Using logistic regression, Dale and colleagues found that although their 
specificity figure was high, the prediction equation failed to detect the majority of children 
who had continued language difficulties (i.e. low sensitivity) at both 3 and 4 years of age (3 
years: sensitivity = 38.5%, specificity = 76.2%; 4 years: sensitivity = 44.6%, specificity =  
80.5%). Thus, the results of the current study extend this knowledge by showing that 
screening tools (using communication performance alone) have low sensitivity in 
predicting language difficulties in the school-age years. In a clinical setting, these findings 
have important implications and add to the existing concerns surrounding the use of 
communication screening at only one point in time in toddlerhood for identifying children 
that would benefit the most from early intervention due to increased risk of poor long-term 
language outcomes (e.g. Wallace et al., 2015).  
To address the second and third research aims of this study, ML algorithms were 
used as a possible avenue for improving early prediction of language outcomes. This 
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methodological approach was chosen because many of the algorithms are capable of 
handling complex non-linear data and ML has been shown in a range of fields, including 
medicine (Cruz & Wishart, 2007), psychology (Baca-Garcia et al., 2006), and business 
(Hu, 2005), to improve prediction of outcomes over and above traditional linear statistical 
methods (including logistic regression). Thus, in the current study a series of ML 
algorithms were run to identify whether there was one algorithm that provided a prediction 
model with the highest classification accuracy for this dataset. As no one algorithm 
appeared to be better than the other, the J48 Consolidated algorithm was selected on the 
theoretical basis that it could handle the class imbalance present in the data (Ibarguren et 
al., 2015). This class imbalance is intrinsic to the nature of this type of methodological 
design, and is present in all studies which focus on delayed and typical language 
populations as the low language group is always going to represent a smaller portion of 
the population than children with typical language. Once the J48 Consolidated algorithm 
was selected, several mechanisms were then applied to optimise internal parameters in an 
attempt to improve the overall model accuracy. The following section describes the results 
from the best final models identified when using both the communication subscale data 
alone (research aim two) and the broader IMQ data (research aim three) for predicting 
language outcomes in the Raine cohort. 
The second research aim was to investigate the ability of the communication 
subscale to predict language outcomes when applying ML algorithms. The final overall 
model accuracy calculated via cross-validation was 66.16%. When calculated on the 
training set, which is more comparable in design to the logistic regression, predictive 
accuracy was 66.88% which was similar to the traditional logistic regression approach 
(73.6%). This finding was contrary to the hypothesis that ML algorithms would have 
superior predictive accuracy over and above the traditional methods. However, when 
looking at the sensitivity and specificity of the ML models, it was evident that the ML 
models were more sensitive overall than the traditional logistic regression approach 
(logistic regression sensitivity = 17.7%; cross-validated sensitivity = 39.3%; training set 
sensitivity = 44.3%). Interestingly, the sensitivity and specificity values obtained from the 
ML models were more comparable to the values reported by Henrichs et al. (2011) and 
Dale et al. (2003) then that obtained from the logistic regression in the current study.  
 The results obtained from addressing research aim three showed that the addition 
of all IMQ items including communication as well as gross and fine motor, adaptive, and 
personal-social skills did not meaningfully improve predictive accuracy of the model 
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(66.82% via cross-validation). This finding was also contrary to the study’s hypotheses as 
it was expected that the inclusion of other neurodevelopmental indicators, particularly 
motor ability, would have improved predictive accuracy. Overall the predictive accuracy of 
ML algorithms using either the communication only subscale data, or the combined IMQ 
data was equivalent to the traditional logistic regression approach. However, when looking 
at the sensitivity and specificity results from the models using all of the IMQ data, the 
sensitivity improved to almost 50%, which again increased compared to the 
communication only data using both ML (39.3%) and logistic regression (17.7%). 
However, even with this increased sensitivity to 50% when using all IMQ data, it still 
suggests that in a clinical setting only one in every two children at risk of persisting 
language difficulties would be detected.  
There are several possible explanations as to why the current study identified poor 
predictive accuracy when applying a traditional logistic regression approach, with minimal 
change observed in accuracy when applying the novel ML models. The first of these 
explanations relates to missing data. The amount of missing data varied from between 10-
16% for each question, which affected the overall numbers included in the models for each 
analysis. Due to missing items on the communication subscale of the IMQ, data were only 
available for 1,180 of the children for the logistic regression prediction, whereas the ML 
models used 1,516 children in the predictive models as the ML algorithms could account 
for missing data on the IMQ. It is noted, though, that this level of missing data results in a 
harder prediction task for the ML models, and this may have subsequently impacted the 
accuracy. 
The second issue relates to the IMQ itself. In light of the overall poor sensitivity 
identified in the current study, it is possible that items on the IMQ were not sensitive 
enough or did not measure the dimensions of development that have a meaningful impact 
on long-term language outcomes for children. Thus, perhaps the IMQ did not capture the 
most salient developmental skills for children that predict future developmental status. To 
test this hypothesis it would require further ML explorations into the predictive ability of 
other developmental screening instruments that may tap additional skills. For example, the 
IMQ does not include items relating to behaviour/temperament of the child, which has 
been extensively shown to influence language development (Law, Rush, et al., 2013; 
McKean et al., 2015; Taylor et al., 2013). Thus, measures of behaviour in addition to 
communication skills may be more indicative of a child’s risk of enduring language 
difficulties. 
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Another possible explanation as to the poor predictive accuracy of the models 
includes the age of initial assessment. There is overwhelming evidence of the individual 
variability and instability for children in the early stages of communication and language 
development. This variability in itself makes accurate predictions of persistent difficulties a 
challenge for researchers and clinicians alike. The current study focused on 
developmental ability at 3 years of age as studies have shown increased fluctuation in 
language prior to 3 years (Reilly et al., 2009). However, there may continue to be too much 
variability in language and broader developmental skills at 3 years, meaning it may still be 
too early in the child’s development to draw reliable conclusions about language outcomes 
into the school years. 
 A further consideration for the predictive accuracies identified in the current study 
relates to the sensitivity of using parent-observed screening instruments compared to 
clinician measures. There are many advantages of parent measures for large-scale 
screening, as parent-report is more cost-effective and efficient than direct language 
assessments. However, concerns have been raised about the reliability of parent 
questionnaires (Pan, Rowe, Spier, & Tamis-Lemonda, 2004). Parent report relies on the 
adult’s perception of the child’s speech and language as well as their own observation and 
attention to the child’s communication attempts which can be highly subjective and even 
dependent on the family’s socioeconomic situation/level of education. Thus, while more 
time- and cost- efficient then clinical assessment, a trade-off with reliability exists. While 
studies have shown satisfactory reliability and validity between parent-report and 
diagnostic measures (e.g. Sachse & Von Suchodoletz, 2008), the possibility for this 
discrepancy and trade-off must be acknowledged when interpreting the results of the 
current study.  
A final factor that could be considered as a possible avenue for improving future 
work in this area relates to the consideration of additional variables relating to the child’s 
environment that may be influencing language outcomes. Maternal education, family 
income, and child sex were the only three additional risk factors considered over and 
above the IMQ in the current study. Importantly, maternal education and family income 
were present in the more accurate non-interpretable models. However, as a portion of the 
variance in language outcomes at 10 years remains unexplained, future predictive models 
will need to include even more potentially relevant variables. For example, there is strong 
evidence showing a familial component to language impairment, and thus a measure of 
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family history of language disorder may improve model accuracy and assist clinicians in 
designing accurate screening procedures (Dale et al., 2003; Feldman et al., 2005). 
Another novel component of this study was the inclusion of decision tree algorithms 
which allowed for the visual representation, in a hierarchical structure, showing the relative 
importance of the different variables selected in determining the final model. Unfortunately, 
the poor accuracy of the ML models had a subsequent impact on the interpretability of the 
decision trees in that some pathways were not clinically meaningful. For example, on the 
communication subscale, as shown in Figure 4.2, if a parent responded with ‘yes’ to Item 
1, but ‘not yet’ to Item 5, the outcome was ‘Typical’. Thus, while the output from these two 
decision trees does need to be interpreted with caution, there is preliminary evidence of 
the possible skills at 3 years, as identified on the IMQ, that are most strongly associated 
with language outcomes at 10 years. These key factors are shown in the tops of the 
decision trees, and provide important directions for further pursuing in the context of other 
variables in the future.  
The current study predominantly focused on the predictive accuracy of ML 
algorithms obtained from interpretable models to allow for easier interpretation of results in 
a clinical context. However, a non-interpretable (black-box) model was also run as a 
comparison, and the results provide important considerations for future research. As 
mentioned in the Methods section, black-box models often demonstrate increased 
accuracy compared to white-box models but a trade-off with interpretability exists. For this 
reason, black-box models are more likely to be rejected by clinicians due to preferences 
for interpretability of results in the clinical setting. As the IMQ had been collected at ages 1, 
2 and 3 years as part of the Raine cohort, the non-interpretable model in this study 
included this complete range of data for exploration to determine whether the predictive 
accuracy of the models could be improved through the consideration of screening data 
across multiple assessment time points. While the results are not easily interpretable, 
increased accuracy was identified (79.48%), and the final model included a range of 1-, 2- 
and 3- year variables as well as family income and maternal education. This suggests that 
the addition of a few selective variables from Year 1 and Year 2 might be appropriate for 
improving predictive accuracy. Furthermore, as supported by previous work in the area, 
these results provide further evidence that income and maternal education play an 
important part in language development (e.g. Harrison & McLeod, 2010; Reilly et al., 
2007). 
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 This approach of including Year 1, Year 2 and Year 3 variables was not the focus 
of this study as it is more costly given the extra clinical visits and questionnaires required 
to obtain assessment data across multiple developmental points. However, the results do 
still provide important considerations for guiding further research efforts in this area. In 
particular, using this black-box approach, certain items that were identified on the IMQ 
across the first 3 years of the child’s life appeared to be more important for predicting 
language outcomes in middle childhood than a reliance on year 3 data alone. This finding 
supports the notion that early screening practices should consider the use of screening at 
more than one point in development in order to capture the known variability that exists in 
language and to improve the early detection of children at risk of persistent language 
delays. Further, for the use of repeat screening to be feasible in a clinical setting, it will be 
paramount that screening instruments are as refined as possible so they are quick to 
implement. But more importantly, these instruments must capture the areas of 
development that are most salient for predicting longer term outcomes. In this way, the 
results of the current study provide preliminary evidence that ML could be an avenue for 
further consideration as it may provide important contributions in this area for identifying 
the most important questions and variables for inclusion in early developmental screeners. 
However, for this approach to have applicability in a clinical setting there is a need for 
close collaboration between clinicians and researchers to explore this potentially fruitful 
area and to strike a balance between interpretability and accuracy for predicting language 
outcomes. 
4.5.1 Strengths and limitations 
The current study utilised data from a population-based sample and this allowed for 
a longitudinal investigation of the early life predictors of language outcomes in the general 
population. However, one limitation of using population-based cohorts, which affected the 
current study, is attrition. More specifically, the participants included in the analyses were 
from more advantaged backgrounds, and only 40% of the original Raine cohort was 
represented, suggesting the findings may not be representative of the wider Australian 
population. 
One particular strength of the Raine cohort was the availability of a widely used 
screening instrument, the IMQ (now known as the ASQ), that covered several 
developmental domains including communication, motor, social and adaptive skills. 
Specifically related to the communication domain, one advantage of the IMQ is that it not 
only captures both receptive and expressive language skills but also focuses more on the 
113 
 
child’s ability to use language skills for the purposes of communication. This extends on 
the findings of other studies that have only examined the predictive capability of 
expressive language scales (e.g. Dale et al., 2003; Feldman et al., 2005; Henrichs et al., 
2011). However, it must be acknowledged that the IMQ is no longer used clinically, with 
the ASQ being the more recent updated version of this instrument. While there were 
minimal changes from the IMQ to the ASQ, some changes to the wording of the questions, 
removal of questions, and re-structuring of the ordering of questions were made on the 
revised version (Squires, Bricker, & Potter, 1997). For this reason, the results of the 
current study and more specifically the wording of the questions identified on the decision 
trees (Figures 4.2 and 4.3) may not reflect the current version of the ASQ as is used in 
clinical practice. 
Finally, the current study was novel as it incorporated ML algorithms. To date, ML 
methods have not been explored in the area of speech pathology as a possible avenue for 
improving predictions of language outcomes based on developmental skills earlier in a 
child’s life. However, some limitations specific to this dataset and the analysis procedure 
should be noted. One of the major advantages of ML methods is the use of cross-
validation by splitting data into training and test sets. This process means the model is 
constructed on a subsample of the data, and it can then be tested on unseen data from the 
same dataset. This assists with the generalisability of the findings in a real world context 
(i.e. how accurate is this model when it is applied to new patients). Due to the poor 
predictive accuracy of the cross-validation on the training set, further analysis on the test-
set was not completed. This limitation of the current study and the subsequent impact on 
the generalisability of these findings to unseen data is acknowledged.  
4.6 Conclusion 
The current study used data from a population-based study to investigate the 
predictive ability of a parent-report screening test administered at 3 years to the results of 
a standardised assessment completed seven years later. Further, results using traditional 
statistical methods were compared to those obtained from ML algorithms. Overall, the 
results of this study suggest that ML algorithms do not improve the predictive accuracy of 
models when considering either communication ability only or a child’s wider development 
across motor, social and adaptive domains at 3 years. Other approaches such as repeated 
testing or refining screening approaches may be required to provide a procedure that can 
successfully distinguish transient from persistent language difficulties in the toddler years.  
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5 Chapter 5: A relationship between early language skills and adult autistic-like 
traits: Evidence from a longitudinal population-based study 
 
The first three studies of this thesis focused on early prediction of children at risk of poor 
language outcomes in middle childhood and adulthood. The following two chapters 
examine the long-term outcomes in adulthood associated with language difficulties. More 
specifically, this current chapter focuses on understanding the long-term prognosis for late 
talkers in adulthood in terms of their levels of autistic-like traits. This chapter aimed to 
investigate whether there was an association between vocabulary size at 2 years and the 
level of autistic-like traits in adulthood. The content of this chapter has been published as a 
manuscript entitled: “A relationship between early language skills and adult autistic-like 
traits: Evidence from a longitudinal population-based study” in the Journal of Autism and 
Developmental Disorders; Armstrong, Whitehouse, et al. (2017); See Appendix C for URL 
link to published manuscript 5 
                                            
5 The content included in Chapter 5 is largely the same as the accepted manuscript except 
for some minor changes. Firstly, modifications have been made to match the formatting of 
this thesis document. As such, the number, size and positioning of figures and tables is 
different to that of the published version. Secondly, the description of the Raine Study has 
been reduced in the Methods section to minimise repetition across thesis chapters. 
Further, Tables 5.2 and 5.3 have been included in the main text of this chapter. However, 
both tables were presented as online supplemental material in the published manuscript.  
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5.1 Abstract 
 
The current study examined the relationship between early language ability and autistic-
like traits in adulthood, utilising data from 644 participants from a longitudinal study of the 
general population. Language performance at 2 years was measured with the Language 
Development Survey (LDS), and at 20 years the participants completed the Autism-
Spectrum Quotient (AQ). Vocabulary size at 2 years was inversely associated with Total 
AQ score, as well as scores on the Communication and Social Skills subscales. Adults 
who had been late talkers were also more likely to have ‘high’ scores on the 
Communication subscale. This is the first study to show an association between early 
language ability and autistic-like traits in adulthood.  
 
Keywords: Autism Spectrum Disorder, autistic-like traits, early language skills, late talking, 
Raine Study 
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5.2 Introduction 
Expressive language delays are a very common phenomenon experienced by 
between 9% and 20% of 2-year-olds (Fenson, 2007; Rescorla, 1989; Zubrick et al., 2007). 
Early expressive language delays are often identified based on parent report when a child 
is between 18 and 30 months of age, with the first indicators being a small vocabulary 
size, slow vocabulary growth, and/or the absence of word combinations. The cause of 
these early language delays, and the subsequent outcomes for the children who exhibit 
them, vary widely (Paul & Roth, 2011; Rescorla, 2011). Some children present with early 
language delays which occur in the absence of any other underlying cognitive, 
neurological, socio-emotional or sensory conditions, and these children are commonly 
referred to as late talkers (Hawa & Spanoudis, 2014; Whitehouse, Robinson, et al., 2011; 
Zubrick et al., 2007). Whereas for other children, these early delays in expressive 
language can be one of the first behavioural symptoms of an underlying condition such as 
Autism Spectrum Disorder (ASD; Buschmann et al., 2008; Rescorla, 2011). It was this 
association between delayed language acquisition and ASD that provided the motivation 
for the current study. 
ASD is a neurodevelopmental condition which is characterised by impairments in 
social interaction and communication, and restricted, repetitive behaviours (American 
Psychiatric Association, 2013). Expressive language is often the first reported parental 
concern for children later diagnosed with ASD (De Giacomo & Fombonne, 1998; Herlihy, 
Knoch, Vibert, & Fein, 2015), and thus previous work has comprehensively explored the 
possible link between language and ASD (see Boucher, 2012 for a review). This previous 
work highlights that a range of language ability exists in the ASD population, in that there 
is a subset of children who present with intact structural language abilities (Grzadzinski, 
Huerta, & Lord, 2013); however, there is also a substantial number of individuals with ASD 
who also present with concomitant language difficulties (Buschmann et al., 2008; Luyster, 
Lopez, & Lord, 2007; Luyster, Qiu, Lopez, & Lord, 2007; Rescorla, 2011; Rescorla & 
Safyer, 2013).  
More recently, research has documented the presence of ASD-like features across 
large community samples, providing support for a continuum of autistic-like traits across 
the general population, with clinical ASD representing the extreme end of the distribution 
(Palmer et al., 2015; Ruzich et al., 2015). Given the prevalence of autistic-like traits in the 
general population, a growing body of research has attempted to identify early predictors 
of increased autistic symptomology in the wider population. This focus on identifying 
117 
 
developmental factors associated with autistic-like traits has gained increasing traction in 
the literature as it may provide important insights into the mechanisms that underpin the 
clinical condition.  
 To date, studies have investigated the association between autistic-like traits and a 
number of factors known to be associated with ASD. This body of research has included, 
for example, the study of prenatal factors (such as low maternal vitamin D levels 
[Whitehouse et al., 2013]; exposure to ultrasound scans [Stoch et al., 2012]), perinatal 
factors (e.g. low birth weight [Pyhälä et al., 2014]; testosterone exposure [Whitehouse et 
al., 2012]; androgen and estrogen composites [Jamnadass et al., 2015]) as well as 
gastrointestinal problems in childhood (Whitehouse, Maybery, Wray, & Hickey, 2011). 
From these studies very low birth weight and lower maternal vitamin D levels were found 
to be associated with autistic-like traits in the general population. Further, some of this 
previous work also provides evidence that males tend to score higher than females on 
measures of autistic-like traits (e.g. Jamnadass et al., 2015; Whitehouse et al., 2012). 
The relationship that exists between early language delays and ASD has led to the 
consideration of early language ability as a predictor of autistic-like traits in population-
based samples. Bolton et al. (2012), for example, used data collected as part of the Avon 
Longitudinal Study of Parents and Children (ALSPAC) to investigate the association 
between early factors measured over the first 30 months of the child’s life and their level of 
autistic traits by age 9 years. The measure of autistic traits utilised by Bolton et al. (2012) 
was based on an earlier ALSPAC study (see Steer, Golding, & Bolton, 2010). The 
measure comprised one single autistic traits score that was derived from 7 principle 
factors, gathered between 6 months and 9 years of age, which had been found to be 
strongly associated with ASD outcome in the ALSPAC cohort. Bolton and colleagues 
(2012) found that communicative skills (vocabulary and word combinations), measured 
over the first 30 months of age, was one of the factors which predicted the presence of 
autistic traits by age 9 years. Whilst these results provide preliminary evidence towards a 
potential association, the authors state that their findings must be interpreted with caution 
due to possible confounding as the measure of early communicative ability was also one 
of the 7 principle factors used to derive the overall autistic traits score (Bolton et al., 2012, 
p. 255).  
In a study using a different longitudinal dataset, Dworzynski et al. (2007) 
investigated whether language performance and autistic-like traits were related in a 
sample of 6,087 twin pairs. These data were collected as part of the Twins Early 
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Development Study (TEDS), a population-based study of twins born between 1994 and 
1996 in the United Kingdom (UK). When their children were 2, 3 and 4 years of age, 
parents completed the UK adaptation of the MacArthur Communicative Development 
Inventory (Fenson, 1993) as a measure of expressive vocabulary and grammar. Parents 
were also asked to complete the Childhood Asperger’s Syndrome Test (CAST; Scott, 
Baron-Cohen, Bolton, & Brayne, 2002) when the twins were between 7 and 9 years of 
age. The CAST has been designed as a screening instrument for ASD and is intended to 
be used in non-clinical samples. It consists of 31 items, and in addition to a total CAST 
score, three subscales were also derived to assess the following core features of ASD: (i) 
social impairment, (ii) communication abnormalities, and (iii) repetitive, restrictive 
behaviours/interests. Results indicated a modest correlation between lower language 
performance (at 2 to 4 years) and the presence of higher levels of autistic-like traits (at 8 
years). Most noteworthy was that this relationship was only found across the social and 
communication domains.  
The results of Dworzynski et al. (2007) are intriguing as they provide further 
evidence towards a relationship between language and autistic-like traits in the general 
population. More specifically, it appears that this relationship is guided by the social 
communication component of the ASD phenotype. However, Dworzynski et al. (2007) did 
not exclude participants on the basis of an ASD diagnosis and therefore it is unclear how 
the inclusion of such children may have influenced the identified associations. 
Furthermore, the sample included only twins and so it is of interest to explore whether the 
same relationship is also present in singleton births. Given that previous work in this area 
(Bolton et al., 2012; Dworzynski et al., 2007) only examined this association into middle 
childhood, it is also not yet known whether this relationship between language and autistic-
like traits remains into adulthood. Clearly, further research in this area is warranted.  
Therefore, the current study aimed to expand on previous work by investigating the 
association between early expressive language ability measured in childhood and the 
presence of autistic-like traits in adulthood. The current study focused on early language 
ability at 2 years, as this is when early language delays, and more specifically late talkers, 
are most commonly identified. A high demand placed on early intervention services, 
coupled with the continuum of ability that exists in language across both typical and 
atypical populations has led to an increased focus on understanding the long-term 
prognosis for late talkers (Rescorla, 2011). Studies to date have investigated the long-term 
outcomes across childhood and into adolescence for late talkers across a range of 
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domains including, but not limited to, language, literacy, behaviour, and social skills 
(Desmarais et al., 2008; Rescorla, 2011). However, no studies have explored these long-
term outcomes beyond the adolescent period and thus, an opportunity exists to 
understand more about the longitudinal associations between early language ability and 
later autistic-like traits in a general population-based sample extending into the adult 
years. 
In addressing this gap, the current study investigated the following two research 
questions: (i) is there an association between vocabulary size at 2 years and the level of 
autistic-like traits in adulthood? and (ii) is there an association between late talking status 
and high levels of autistic-like traits in adulthood? Given the known relationship between 
language and ASD, it was hypothesised that the participants with a history of early 
language delays would present with higher levels of autistic-like traits compared to 
participants with typical language histories (Buschmann et al., 2008; Wheelwright et al., 
2010). Following on from the work by Dworzynski et al. (2007), it was also hypothesised 
that this relationship would be most evident for the subscales assessing the social 
communication aspects of the disorder (i.e. the Communication, and Social Skills 
subscales), rather than the restricted and repetitive behaviours (i.e. the Attention 
Switching, Attention to Detail and Imagination subscales). 
5.3 Method 
5.3.1 Participants 
Similarly to Chapters 3 and 4, participants were part of the Western Australian 
Pregnancy Cohort (Raine) Study. As described in further detail in Chapter 3, the Raine 
Study commenced in Perth (Australia) between 1989 and 1991. It is an ongoing 
longitudinal study of 2,868 mothers and their offspring who were consecutively recruited 
from the King Edward Memorial Hospital or surrounding private clinics in Perth (Newnham 
et al., 1993). Since their birth, the Raine cohort of children has been followed-up at 
multiple points across the child’s development and follow-up has now been extended into 
the adult years. Participant recruitment and all follow-ups were approved by the Human 
Ethics Committee at the King Edward Memorial Hospital and/or the Princess Margaret 
Hospital for Children in Perth. At the 20- and 22- year follow-ups, ethical approval was 
obtained from the Human Research Ethics Committee at the University of Western 
Australia. Parents provided written informed consent to participate at each time point, with 
the offspring themselves providing written informed consent after the age of 18 years. 
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To avoid confounds relating to English as a second language and the presence of 
additional disabilities, participants were excluded from the analysis if their mother reported 
speaking a language other than English at home at the first clinic visit (n = 160), or if the 
child was reported to have a diagnosis of an additional disability (hearing impairment, 
intellectual disability) at the 16-year follow-up (n = 32). Further, analysis was restricted to 
only include participants who had both the Language Development Survey (LDS; 
Rescorla, 1989) and Autism-Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, 
Martin, & Clubley, 2001) data available. Participants in the Raine cohort who had reported 
a diagnosis of ASD at any of the previous follow-ups were not asked to complete the AQ, 
and thus were not included in the analyses. A total of 644 participants (22.4% of the 
original Raine cohort) met the inclusionary criteria and completed both the LDS and AQ, 
and hence were the focus of this study (see Figure 5.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
121 
 
Figure 5.1 Flow diagram that demonstrates the follow-up of participants included in the 
Raine Study as well as those retained for the current study. 
LDS = Language Development Survey; AQ = Autism-Spectrum Quotient. 
a Inclusionary criteria included mothers who spoke only English and children who were not 
later diagnosed with hearing problems or an intellectual disability. 
 
5.3.2 Language Development Survey (LDS) 
Caregivers of 1,623 children completed the LDS as a measure of their child’s 
expressive language skills at the 2-year follow-up (mean = 2.14; SD = .15; range = 1.75-
3.30). As described in Chapter 3, the LDS contains 310 words arranged into 14 semantic 
categories (Rescorla & Achenbach, 2002) and the caregiver is asked to identify which of 
the 310 words the child says spontaneously. Caregivers are also asked to report any 
examples of word combinations the child uses. The criteria for late talking varies across 
studies (see Desmarais et al., 2008 for a review); however, as per Chapter 3, the current 
study employed the classification recommended by Rescorla (1989) as part of the LDS. 
Thus, late talkers were defined as children who produced fewer than 50 words and/or no 
word combinations at 2 years of age (Rescorla, 1989). All other children were categorised 
as having typical expressive language skills.  
5.3.3 Autism-Spectrum Quotient (AQ) 
The AQ was collected on 1,278 participants at 20 years of age (mean = 19.70; SD = 
.72; range = 17.28–22.07), however only 644 of these participants met the inclusionary 
criteria and also had LDS data available. The AQ is a self-report questionnaire that 
provides a quantitative measure of autistic-like traits in the general population. The tool 
consists of 50 statements and individuals are asked to rate on a 4-point scale how well 
each statement applies to them (definitely agree, slightly agree, slightly disagree, or 
definitely disagree). Half of the questions are worded to elicit an ‘agree’ response and the 
other half, a ‘disagree’ response. The questionnaire is designed to assess five areas 
associated with autism and the extended phenotype: Attention to Detail, Attention 
Switching, Communication, Imagination and Social Skills. The AQ has been shown to 
have high sensitivity (0.95) and moderate specificity (0.52) (Baron-Cohen et al., 2001).  
5.3.3.1 Scoring. The original scoring procedure outlined by Baron-Cohen et al. 
(2001) allocates a score of 1 to a response indicating the presence of an autistic-like trait, 
and 0 to a response which does not indicate the presence of an autistic-like trait. A Total 
AQ score is calculated by tallying the scores from the five subscales (maximum possible 
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score is 50). Since the initial study by Baron-Cohen et al. (2001), researchers have also 
employed an alternate, 4-point scoring method to identify autistic-like traits in the general 
population as it is purported to retain a greater amount of detail regarding the participants’ 
response in comparison to the 0/1 scoring (Austin, 2005; Russell-Smith, Maybery, & 
Bayliss, 2011; Stewart & Austin, 2009). Using the alternate scoring method, participants 
respond as per the original AQ format, however, responses are scored on a continuous 
Likert scale ranging from 1 (no/minimal presence of autistic-like traits) to 4 (strong 
presence of autistic-like traits). Similarly to the original scoring procedure, a Total AQ 
score can be calculated by tallying each item, however, using this alternate method, the 
maximum possible score is 200 (Austin, 2005). This form of scoring has been reported to 
have satisfactory internal reliability (Austin, 2005), and has been shown to maximise the 
reliable range of measurement of traits identified using the scale compared to the 
dichotomous scoring approach (Murray, Booth, McKenzie, & Kuenssberg, 2015). The 
alternate scoring system was used in the current study. 
5.3.3.2 Categorising ‘high’ AQ scores. Performance on the AQ was also 
categorised to determine ‘high’ levels of autistic-like traits in the current sample. As per 
previous studies by Jamnadass et al. (2015), Stoch et al. (2012), and Whitehouse et al. 
(2012), participants whose scores were within the upper decile (90th percentile) of the 
samples’ scores were categorised as exhibiting ‘higher’ levels of autistic-like traits in each 
domain, with all other participants forming the ‘lower’ AQ group. Thus, high AQ scores 
were classified as > 119 for the Total AQ score, > 31 for the Attention to Detail subscale, > 
28 for the Attention Switching subscale, > 24 for the Communication subscale, > 24 for the 
Imagination subscale, and > 23 for the Social Skills subscale. 
5.3.4 Confounders 
From the available measures within the dataset, sociodemographic variables 
present at the birth of the child that are known to influence language development, as well 
as additional factors known to influence AQ scores, were controlled for in the current 
study. Parental factors which are known to influence early language ability as well as 
language outcomes (Harrison & McLeod, 2010; Taylor et al., 2013) were considered. This 
included parental educational attainment and age, as well as maternal race. Levels of 
maternal and paternal education were dichotomised as incomplete secondary education (< 
12 years) and complete secondary education (12 years). Maternal and paternal age were 
treated as continuous variables, and maternal race classified mothers as Caucasian or 
non-Caucasian. Maternal smoking during pregnancy has been found to be associated with 
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many childhood outcomes, including language, cognition and school performance (e.g. 
Clifford, Lang, & Chen, 2012; Lambe et al., 2006), and therefore exposure to tobacco in 
utero was categorised into three levels including: none, 1-10 cigarettes daily or more than 
10 cigarettes daily. Family income is strongly associated with child language outcomes 
(Dale et al., 2003; McKean et al., 2015; Reilly et al., 2010). The level of income reported at 
the time of recruitment into the study was categorised according to whether minimum 
household income was under or over the poverty line as defined by the Australian 
Government cut-off at the time ($24,000 AUD) (Whitehouse et al., 2013). Child factors 
included gestational age which was dichotomised between those born before 37 weeks 
and those born at or after 37 weeks, and birth weight which was categorised as low if less 
than 2500 gram or normal if greater than or equal to 2500 gram. Sex of the offspring was 
also included as a possible confounder due to the known association between sex and 
both language (e.g. Harrison & McLeod, 2010) and AQ performance (e.g. Ruzich et al., 
2015). Finally, given the possible association between depression and anxiety levels and 
scores on the AQ (Ashwood et al., 2016), depression and anxiety were also included in the 
analysis as continuous variables. Depression and anxiety were measured using the short 
form of the Depression, Anxiety and Stress Scale (DASS-21) (Henry & Crawford, 2005; 
Lovibond & Lovibond, 1995) at the 20-year follow-up.  
5.3.5 Statistical analysis 
To examine the influence of participant attrition, Chi-square analyses compared 
sociodemographic variables present at birth between the participants included in the 
current study (those with both LDS and AQ data available), and the remainder of the Raine 
cohort. In addition, independent sample t-tests (two-tailed) compared the AQ scores of the 
current study sample and those from the wider cohort who had completed the AQ but had 
no LDS data available. Further comparisons of the current study sample and sex 
differences on the AQ were also made using one-sided independent sample t-tests. 
 Pearson’s correlations were then used to investigate the association between 
vocabulary size at 2 years and the scores on the AQ, including the Total AQ score and the 
five individual subscales. Significant correlations were further examined with multivariable 
linear regression. Firstly, any possible confounding variables which were correlated with 
the outcome variable of interest (score on the relevant AQ scale) at the significance level 
of p < .10 (Hilbe, 2009) were entered into the model. Then the number of words spoken at 
2 years was added to the model.  
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Next the data were expressed categorically to examine the association between 
late talking versus typical language status at 2 years and high (upper decile) versus all 
other scores on the AQ and its subscales. Chi-square analyses were firstly conducted. 
Significant differences on the overall AQ or subscales were then followed up with 
multivariable logistic regression using the same two-step procedure as the multivariable 
linear regression model described above. The alpha levels for both the linear and logistic 
regression models were set at p < .05. All statistical analyses were completed using Stata 
version 13 (StataCorp, 2013). 
 
5.4 Results 
Attrition analyses revealed participants included in the study, compared to those 
from the wider Raine cohort, were more likely to have mothers who were older at the 
child’s birth, who had completed secondary school, and who did not smoke during 
pregnancy. Similarly, participants included in the current study had fathers who were more 
likely to have completed secondary education, were older at the birth of the child and to 
have been born into families with higher income, compared to those individuals not 
included (see Table 5.1).  
 
Table 5.1 Characteristics of participants in the Raine cohort who were ‘Included’ (n = 644) 
and were ‘Not Included’ (n = 2,032) in the current studya 
 
Included 
(n = 644) 
 
Not Included 
(n = 2,032) 
p n (%)  n (%) 
Maternal age      
< 19 years 31 (4.9)  239 (12.1)  
20-34 years 478 (75.9)  1527 (77.0)  
> 35 years 121 (19.2)  216 (10.9) <.001 
Maternal education      
Incomplete secondary 
school (< 12 years) 
323 (51.4) 
 
1306 (66.0)  
Complete secondary 
school (12 years) 
306 (48.6) 
 
672 (34.0) <.001 
Maternal race     
Non-Caucasian 53 (8.4)  182 (9.2)  
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Caucasian 577 (91.6)  1800 (90.8) .556 
Maternal smoking in 
pregnancy 
 
 
  
1-10 cigarettes daily 75 (11.9)  351 (17.7)  
> 11 cigarettes daily 49 (7.8)  262 (13.2)  
No 506 (80.3)  1369 (69.1) <.001 
Paternal age     
< 19 years 13 (2.1)  110 (5.5)  
20-34 years 426 (67.6)  1435 (72.4)  
> 35 years 191 (30.3)  437 (22.1) <.001 
Paternal education     
Incomplete secondary 
school (< 12 years) 
276 (50.2)  1002 (64.9)  
Complete secondary 
school (12 years) 
274 (49.8)  541 (35.1) <.001 
Family income below poverty 
line 
    
Yes (< $24,000 AUD) 177 (29.0)  887 (47.9)  
No (> $24,000 AUD) 433 (71.0)  966 (52.1) <.001 
Gestational age     
< 37 weeks 60 (9.3)  240 (11.8)  
> 37 weeks 584 (90.7)  1792 (88.2) .080 
Birth weight     
< 2,500 grams 45 (7.0)  195 (9.6)  
> 2,500 grams 597 (93.0)  1829 (90.4) .043 
Sex     
Male 308 (47.8)  1059 (52.1)  
Female 336 (52.2)  973 (47.9) .058 
Note: AUD = Australian dollar. p-values are for Chi-square analyses. 
a Sample restricted to participants who met the inclusionary criteria for the 
study and had both Language Development Survey and Autism-Spectrum 
Quotient data available. 
 
Table 5.2 describes the difference in AQ scores for participants who completed the 
AQ and LDS (n = 644) and those who completed the AQ but did not have LDS data 
available (n = 556). Participants with no LDS data available, and hence not included in the 
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current study, had significantly higher scores on the AQ and all the subtests except 
Attention to Detail, as compared to those participants included in the current study.  
 
Table 5.2 Scores on the Autism-Spectrum Quotient (AQ) and its subscales for the Raine 
cohort participants, according to those who did and did not have Language Development 
Survey (LDS) data availablea 
 
Available (n = 644)  Not Available (n = 556) 
p M (SD)  M (SD) 
Total AQ 102.06 (12.33)  104.39 (12.89) .001 
Subscales     
Attention to Detail 25.05 (4.58)  25.23 (4.46) .489 
Attention Switching 22.32 (3.81)  22.88 (3.89) .011 
Communication 18.22 (3.93)  18.74 (4.05) .025 
Imagination 18.89 (3.96)  19.41 (4.17) .028 
Social Skills 17.57 (3.91)  18.12 (4.20) .018 
Note: p-values are for two-tailed independent-sample t-tests. 
a Sample restricted to participants who met the inclusionary criteria for the study. 
 
 
The mean LDS score for the current sample (n= 644) was 190.65 words (SD 
82.05), with a range of 2 to 310 words. The mean AQ score was 102.06 points (SD 12.33), 
and a range of 66 to 151. In light of previous work showing that males often perform higher 
on the AQ than females (Ruzich et al., 2015), independent one-sided t-tests were 
conducted to explore this association in the current cohort. As shown in Table 5.3 below, 
males had significantly higher scores than females on the Total AQ score, as well as on 
the Attention Switching, Communication, and Imagination subscales.  
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Table 5.3 Means (SD) for Autism-Spectrum Quotient (AQ) scores based on sexa 
Note. p-values are for one-sided independent t-tests. 
a Sample restricted to participants who met the inclusionary criteria for the study and had 
both Language Development Survey and AQ data available. 
 
 
5.4.1 Early vocabulary size and AQ scores 
Results from the Pearson’s correlation analyses revealed modest but statistically 
significant negative correlations between vocabulary size and the Total AQ score (r = -
0.16, p = <.001), as well as scores on the Attention Switching (r = -0.08, p = .014), Social 
Skills (r = -0.12, p = <.001), Communication (r = -0.15, p = <.001), and Imagination (r = -
0.14, p = <.001) subscales. There was no correlation between number of words spoken at 
2 years and responses on the Attention to Detail subscale (r = -0.00, p = .987). Table 5.4 
shows the results of the adjusted multivariable linear regression model. The results of the 
fully adjusted models showed that small but statistically significant effects remained for the 
association between number of spoken words and Total AQ score, as well as the 
Communication and Social Skills subscales. More specifically, for every extra word spoken 
at 2 years, there was a .012 point decrease in Total AQ score in adulthood. Similarly, there 
was a .004 point decrease in both Communication and Social Skills subscale scores for 
every extra word spoken at 2 years. 
 
 Female 
n = 336 
 Male 
n = 308 
  
 Mean (SD)  Mean (SD) p Cohen’s d 
Total AQ 100.62 (11.75)  103.62 (12.78) .001 .24 
Attention to Detail 24.96 (4.62)  25.16 (4.54) .295 .04 
Attention Switching 22.07 (3.86)  22.59 (3.75) .040 .13 
Communication 17.95 (3.80)  18.52 (4.06) .030 .14 
Imagination 18.30 (3.50)  19.54 (4.32) <.001 .31 
Social Skills 17.35 (3.92)  17.80 (3.89) .069 .11 
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Table 5.4 Adjusted linear regression models showing the association between number of 
words at 2 years and scores on the Autism-Spectrum Quotient (AQ) in adulthood 
 β SE 95% CI p 
Total AQ score -.012a .006 [-.024, -.000] .045 
Attention Switching -.002b .002 [-.006, .001] .245 
Communication -.004c .002 [-.008, -.001] .019 
Imagination -.004d .002 [-.007, .000] .056 
Social Skills -.004e .002 [-.008, -.001] .022 
Note. SE = standard error; CI = confidence interval; AQ = Autism-Spectrum Quotient. 
a Regression model adjusted for maternal education, maternal smoking during pregnancy, 
paternal education, paternal age, family income, sex, depression and anxiety. b 
Regression model adjusted for maternal race, family income, sex, depression and 
anxiety. c Regression model adjusted for maternal education, maternal age, paternal age, 
family income, sex, depression and anxiety. d Regression model adjusted for maternal 
education, maternal age, maternal smoking during pregnancy, paternal education, family 
income and sex. e Regression model adjusted for maternal education, family income, 
depression and anxiety. 
 
5.4.2 Late talking status and high AQ scores 
Of the current sample, 10.2% met the criteria for late talking at 2 years of age. Chi-
square analyses revealed late talkers were more likely to be male and to have fathers who 
did not complete secondary education compared to children with typical early language 
ability. Late talkers were comparable to typically developing children on all other 
sociodemographic and child-related factors (see Table 5.5). 
 
Table 5.5 Characteristics of participants included in the current study based on their early 
language scores at 2 years of age 
 
Typical 
n = 578 
n (%) 
Late talker 
n = 66 
n (%) 2(1) p 
Maternal education     
Incomplete secondary 
school (<12 years) 
284 (50.3) 39 (60.9)   
Complete secondary school 281 (49.7) 25 (39.1) 2.62 .105 
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Note. AUD = Australian dollars. 
a 2(2)  
(12 years) 
Maternal age     
< 19 years 28 (4.9) 3 (4.7)   
20-34 years 434 (76.7) 44 (68.7)   
> 35 years 104 (18.4) 17 (26.6) 2.49a .288 
Maternal race     
Non-Caucasian 47 (8.3) 6 (9.4)   
Caucasian 519 (91.7) 58 (90.6) 0.08 .770 
Maternal smoking during 
pregnancy 
    
1-10 cigarettes daily 70 (12.4) 5 (7.8)   
> 11 cigarettes daily 40 (7.0) 9 (14.1)   
No 456 (80.6) 50 (78.1) 4.66a .097 
Paternal education     
Incomplete secondary 
school (< 12 years) 
241 (48.5) 35 (66.0)   
Complete secondary school 
(12 years) 
256 (51.5) 18 (34.0) 5.89 .015 
Paternal age     
< 19 years 12 (2.1) 1 (1.5)   
20-34 years 388 (68.6) 38 (59.4)   
> 35 years 166 (29.3) 25 (39.1) 2.59a .273 
Family income     
< $24,000 AUD 156 (28.5) 21 (33.3)   
> $24,000 AUD 391 (71.5) 42 (66.7) 0.63 .425 
Sex     
Male 264 (45.7) 44 (66.7)   
Female 314 (54.3) 22 (33.3) 10.46 .001 
Birth weight     
Low (< 2500 grams) 40 (6.9) 5 (7.6)   
Normal (> 2500 grams) 536 (93.1) 61 (92.4) 0.04 .849 
Gestational age     
Premature (< 37 weeks) 55 (9.5) 5 (7.6)   
Full-term (> 37 weeks) 523 (90.5) 61 (92.4) 0.26 .608 
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Chi-square analyses, presented in Table 5.6, revealed that individuals with a history 
of late talking were more likely to have a high score on the Total AQ, Communication 
subscale, and Imagination subscale. Comparisons on all other AQ scales did not reach 
statistical significance.  
 
Table 5.6 The number of individuals with a high score on the Autism-Spectrum Quotient 
(AQ) according to their language status at 2 years 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.7 presents the findings from the multivariable logistic regression analyses. 
The final models revealed that late talking status remained associated with higher scores 
on the Communication subscale after controlling for maternal educational attainment, 
maternal smoking during pregnancy, gestational age, birth weight, sex, depression and 
anxiety.  
 Typical 
n = 578 
n (%) 
Late talker 
n = 66 
n (%) 2(1) p 
Total AQ score     
Lower scores 534 (92.4%) 56 (84.8%)   
High scores 44 (7.6%) 10 (15.2%) 4.38 .036 
Attention to Detail     
Lower scores 513 (88.7%) 55 (83.3%)   
High scores 65 (11.3%) 11 (16.7%) 1.67 .196 
Attention Switching     
Lower scores 527 (91.2%) 62 (93.9%)   
High scores 51 (8.8%) 4 (6.1%) 0.58 .447 
Communication     
Lower scores 537 (92.9%) 54 (81.8%)   
High scores 41 (7.1%) 12 (18.2%) 9.64 .002 
Imagination     
Lower scores 517 (89.4%) 53 (80.3%)   
High scores 61 (10.6%) 13 (19.7%) 4.87 .027 
Social Skills     
Lower scores 517 (89.4%) 58 (87.9%)   
High scores 61 (10.6%) 8 (12.1%) 0.15 .696 
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Table 5.7 Adjusted logistic regression models showing the association between late 
talking status at 2 years and high scores on the Autism-Spectrum Quotient (AQ) in 
adulthood 
 Adjusted 
OR [95% CI] p 
Total AQ score   
Lower scores Reference  
High scores 1.85 [0.76, 4.51]a .175 
Communication   
Lower scores Reference  
High scores 3.32 [1.48, 7.45]b .004 
Imagination   
Lower scores Reference  
High scores 1.75 [0.89, 3.44]c .103 
Note. OR = odds ratio; CI = confidence interval. 
a Regression model adjusted for family income, maternal age, sex, anxiety and 
depression. b Regression model adjusted for maternal education, maternal smoking 
during pregnancy, gestational age, birth weight, sex, anxiety and depression. c 
Regression model adjusted for sex. 
 
5.5 Discussion 
This prospective study is the first to examine the relationship between language 
ability in early childhood and the presence of autistic-like traits in adulthood. Expressive 
vocabulary size at age 2 years was found to be inversely associated with higher levels of 
autistic-like traits at age 20 years. Furthermore, results indicated that when data were 
expressed categorically, there was a significant association between late talking status at 
age 2 and high levels of autistic-like traits in adulthood. Thus, the results of the current 
study provide further evidence towards a relationship between early communication skills 
and later levels of autistic-like traits in a general population-based sample.  
Early vocabulary size was negatively associated with AQ scores in adulthood. More 
specifically, the greater the number of words spoken by participants at 2 years the lower 
the level of autistic-like traits in adulthood. Whilst associations were weak in magnitude, 
they remained statistically significant for Total AQ score, as well as performance on the 
Communication and Social Skills subscales, even after adjusting for other confounding 
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factors. The identified associations between vocabulary size and the Social Skills and 
Communication subscales of the AQ extends the work by Dworzynski et al. (2007), who 
also found a link between early language skills and the social communication aspects of 
the autistic phenotype in middle childhood. What is more is that a similar association was 
found, demonstrating that this relationship is present into adulthood. 
The Social Skills and Communication subscales of the AQ, tap into the pragmatic 
components of language, including how individuals use language to relate to people (e.g. 
Question 26-“I frequently find that I don’t know how to keep a conversation going”), as well 
as their preferences and habits for social situations (e.g. Question 1- “I would rather go to 
a library than a party”). Thus, the findings of the current study are consistent with other 
studies investigating early language ability and pragmatic outcomes in children. Irwin et al. 
(2002), for example, found that late talkers were more likely to present with lower social 
competence than typically developing peers. It is also argued that reduced expressive 
vocabularies in early childhood may lead to less motivation for socialisation and interaction 
with other children which, in turn, results in fewer opportunities to continue building 
language skills (Desmarais et al., 2008). Thus, the present results provide further evidence 
that early vocabulary skills provide an important foundation for the development of social 
communication skills in the general population, and most importantly, this remains into the 
adult years.  
The current study also looked more closely at autistic-like traits in young adults who 
were classified as late talkers based on their earlier language ability. Focusing on the 
prognosis of late talkers is important due to the variability that exists in language across 
development. There is substantial evidence showing that a significant proportion of late 
talkers resolve their initial language delays, which means that early intervention specialists 
are often faced with the difficult decision of whether direct intervention is required or 
whether a ‘wait and see’ approach is more appropriate (Paul & Roth, 2011). Given the high 
demand on early intervention services and the pivotal role that language has for laying the 
foundation for many other skills, there is a continued need to understand more about the 
long-term outcomes for late talkers. Thus, the current study adds to this knowledge base 
by demonstrating that late talkers may have autistic-like social communication difficulties in 
adulthood.  
Most noteworthy was the finding that late talkers were three times more likely to 
obtain higher scores on the Communication subscale of the AQ than adults with a typical 
language history at 2 years, even after adjusting for other sociodemographic variables. 
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The majority of studies investigating the outcomes of late talkers focus on structural 
language (and literacy) abilities. A review by Rescorla (2011) in this domain highlighted 
that when followed up in childhood and adolescence, whilst the majority of late talkers 
perform within normal limits on standardised assessments of language and literacy, their 
scores remain somewhat lower than their peers who followed a more typical course of 
early language development. This pattern has been shown up to 17 years of age 
(Rescorla, 2009).  
It is hypothesised that the identified association between late talking and high 
Communication subscale scores may be explained by two key pathways. Firstly, similar to 
the findings identified by Rescorla (2011), the late talkers in the current study may have 
resolved their language delays to within normal limits on standardised assessments but as 
indicated by their higher scores on the Communication subscale they may continue to 
exhibit subtle difficulties in their preferences for using language for communication in 
adulthood compared to peers with typical language histories. Alternatively, it could be that 
adults with a history of late talking continued to present with persisting language difficulties 
which impacted their endorsement of questions relating to conversation skills and hence, it 
was continued atypical language which is contributing to higher scores on the 
Communication subscale. Further research is needed which compares how an individual’s 
structural language abilities, and pragmatic skills, may be influencing their performance on 
the AQ. This is an important consideration as Bishop et al. (2004) found that compared to 
parents of typically developing children, parents of children with autism had higher scores 
on the Communication and Social Skills subscales of the AQ. Interestingly, however, the 
two groups did not differ on their performance on the short form of the Wechsler Adult 
Intelligence Scale (Bishop et al., 2004). Exploring whether this disassociation also exists 
between structural language functioning and perceived use of language for communication 
and socialisation in the late talking population is warranted. Furthermore, research which 
explores the functional implications of high AQ scores, given earlier language ability, on 
other long-term outcomes (including educational, vocational, and social domains) may 
provide important insights into the role early intervention practices need to play for 
promoting and fostering social communication in the early years, as well as intervening for 
structural language deficits. 
The results of the current study also lend support to previous work showing an 
association between sex and higher levels of autistic-like traits in the general population 
(Austin, 2005; Baron-Cohen et al., 2001; Ruzich et al., 2015). As per these previous 
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studies, the current study found males scored significantly higher than females on the 
overall AQ score (Baron-Cohen et al., 2001; Ruzich et al., 2015). Whilst this trend exists in 
terms of Total AQ score, the distinct differences on subscales appear to differ across 
studies. For example, the current study found males scored significantly higher than 
females on the Attention Switching, Communication, and Imagination subscales, whereas 
Austin (2005) found a similar profile for the Communication and Imagination subscales, but 
also detected sex differences for the Social Skills subscale, but no differences between 
males and females on the Attention Switching subscale. Further, in the current study the 
association between sex and the Imagination subscale was most noticeable, in that when 
sex was entered into the model first, the association between language and higher 
Imagination scores was no longer significant (see Table 5.7). Taken together, the current 
results and those of previous studies, highlight the importance of considering the influence 
of sex when investigating autistic-like traits, particularly in population-based samples.  
5.5.1 Limitations and future directions 
Whilst the current study provides preliminary evidence of an association between 
early expressive language ability and autistic-like traits in adulthood, there are some 
limitations of the study which must be acknowledged. Unfortunately a combination of 
sample attrition, along with funding constraints at the 2-year follow-up, meant only 22.4% 
of the original cohort were included in the current study. As evidenced in Table 5.2, those 
without LDS data available did have higher levels of autistic-like traits thus suggesting this 
may be underrepresented in the study. Secondly, whilst the AQ has been shown to have 
strong reliability and validity (Baron-Cohen et al., 2001) and has been widely used in both 
research and clinical settings (e.g. Ruzich et al., 2015), some considerations in using the 
AQ as an outcome measure must be acknowledged. Recent studies have emerged 
suggesting caution in using the AQ in isolation to screen for ASD-related difficulties in both 
clinical and population-based samples (Ashwood et al., 2016; Bishop & Seltzer, 2012). 
Bishop and Seltzer (2012) found that individuals with ASD scored significantly lower than 
those individuals reported in the original validation of the AQ (by Baron-Cohen et al., 2001) 
and therefore the authors questioned whether higher scores may indeed reflect other 
factors that are not associated with ASD in adulthood. This is supported by recent 
evidence suggesting that performance on the AQ is highly correlated with anxiety, 
personality traits, cognition and psychological distress (e.g. Ashwood et al., 2016; Kitazoe, 
Inoue, Izumoto, Kumagai, & Iwasaki, 2015). Thus, whilst the use of a birth cohort allowed 
for the controlling of extensive sociodemographic factors, as well as the level of 
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depression and anxiety reported by participants at the 20-year follow-up, it is 
acknowledged that the identified associations may reflect other non-autism confounds not 
controlled for in the current study. Future work which includes additional factors such as 
concurrent language ability or cognition, as well as possible mediating factors that occur 
between the two assessment points, including identified language impairment, will provide 
important extensions on the current study. 
5.6 Conclusion 
The current study adds to the growing body of evidence which shows that 
individuals in the general population, whilst not presenting with symptoms severe enough 
to warrant an ASD diagnosis, do have traits that fall on a continuum with autism (Ruzich et 
al., 2015). More pertinently, this study provides evidence that, in the general population, 
language ability in early childhood is associated with the levels of autistic-like traits in 
adulthood. Of particular interest, was that young adults who had presented with 
compromised language endowment in the early foundational years reported distinct 
differences in their preferences for using language for social purposes compared to young 
people with early typical language histories. Hence, this study provides important 
preliminary evidence towards understanding the long-term prognosis for early language 
delays in terms of the levels of autistic-like traits experienced in early adulthood. 
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6 Chapter 6: Change in receptive vocabulary from childhood to adulthood: 
Associated mental health, education and employment outcomes 
 
Chapter 5 added to the growing body of evidence showing that early language delays at 
one time point increase a child’s risk of more adverse outcomes even in the adult years. 
However, there remains limited evidence of the long-term outcomes associated with 
change in language ability over time, and no evidence of the impact of this into adulthood. 
Thus, the final study in this thesis aimed to examine the educational, vocational and 
mental health outcomes for adults accounting for different vocabulary developmental 
profiles over a 16-year period. The content of this chapter has been published in a 
manuscript entitled: “Change in receptive vocabulary from childhood to adulthood: 
Associated mental health, education and employment outcomes” in the International 
Journal of Language and Communication Disorders (Armstrong, Arnott, et al., 2016). See 
Appendix D for URL link to published manuscript)6 
                                            
6 The content included in Chapter 6 is identical to the accepted manuscript except for 
minor changes. Firstly, the manuscript has been modified to match the formatting of this 
thesis document (including reference style). As such, the number, size and positioning of 
figures and tables is different to that of the published version. Headings have also been 
modified (or added) to remain consistent with the thesis document. Secondly, the label 
given to the vocabulary trajectory groups has been modified to be consistent with the 
remainder of the thesis.  
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6.1 Abstract 
 
Population-based studies have found that early language delays are associated with 
poorer long-term outcomes in adolescence and adulthood. Few studies have explored the 
influence of change in language ability over time on adult outcomes. Thus, the current 
study aimed to examine the educational, vocational and mental health outcomes for adults 
accounting for different vocabulary developmental profiles over a 16-year period. The 
sample included 1,914 participants of the Mater-University of Queensland Study of 
Pregnancy (MUSP). Participants were categorised into four groups based on their 
vocabulary skills at 5 and 21 years: (i) consistently typical (n = 1,679), (ii) consistently low 
(n = 33), (iii) improved (n = 160), and (iv) deteriorated (n = 42). The associations between 
vocabulary group and educational, vocational, and mental health outcomes at 21 years 
were investigated. Results revealed that adults with deteriorated and consistently low 
vocabulary skills were less likely to have completed secondary school; with the improved, 
deteriorated and consistently low groups being less likely to be engaged in education, 
employment or training at the 21-year follow-up, compared to the consistently typical 
group. Adults with deteriorated performance were at increased risk of affective disorders, 
as well as substance and alcohol abuse/misuse. The findings from this study provide 
evidence that impaired vocabulary skills in adulthood, regardless of whether the deficit was 
acquired earlier or later, are associated with adverse outcomes. Clinicians and educators 
need to be aware of these adversities and ensure they are supporting children and 
adolescents in whom language difficulties exist or emerge so as to prevent poor long-term 
outcomes from occurring.  
 
Keywords: language trajectories, long-term outcomes, PPVT-R, preschool, MUSP 
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6.2 Introduction 
There has been a longstanding interest in the association between early language 
delays and long-term outcomes for both clinical and population-based samples. This 
knowledge surrounding the long-term outcomes for language impaired populations is 
paramount for understanding the association between early language delays and later 
psychosocial adversity. To date, longitudinal studies have explored the impact of language 
delays present in early childhood on later mental health, behaviour, education and 
employment outcomes (see Conti-Ramsden & Durkin, 2016 for a review).  
Children with early language delays are at increased risk for psychiatric disorders 
and psychosocial problems (Clegg, Hollis, Mawhood, & Rutter, 2005; Schoon et al., 2010). 
For example, Beitchman and colleagues (2001; 2014; 1996) examined the influence of 
early speech/language delays on psychiatric outcomes from age 5, through adolescence 
and into adulthood, using data from the Ottawa Language Study. The authors found that 
children with a history of speech/language delays at 5 years were more likely to be 
diagnosed with a psychiatric disorder at 12.5 years and to be at increased risk of anxiety 
disorder at 19 years compared to those children who presented with typical 
speech/language skills at age 5 (Beitchman et al., 2001; Beitchman et al., 1996). In 
relation to social anxiety, results from the Ottawa Language Study have shown that 
children with early language delays had higher rates of subthreshold social phobia 
symptoms than individuals who had typical language at 5 years, at both 19 and 25 years, 
although there were no differences in rates of social phobia diagnoses (Brownlie, Bao, & 
Beitchman, 2016). When followed up again at 31 years of age, there were no associations 
between early language ability and mental health outcomes in this cohort, including the 
presence of affective, anxiety or substance abuse disorder (Beitchman et al., 2014).  
Schoon et al. (2010), on the other hand, utilised data from the 1970 British Cohort 
Study to investigate the mental health outcomes at 34 years of age associated with earlier 
receptive vocabulary performance. Receptive vocabulary was measured at 5 years using 
the English Picture Vocabulary Test (EPVT), an adaptation of the American Peabody 
Picture Vocabulary Test (PPVT). In contrast to Beitchman et al. (2014), Schoon et al. 
(2010) found both men and women with a history of early receptive vocabulary delays 
were at increased risk for mental health problems (e.g. depression, reduction in life 
satisfaction, and lack of feeling of control over their life). The conflicting findings of the 
Ottawa Language Study and the 1970 British Cohort Study may have arisen due to 
methodological differences, including the measures used to classify language delays at 5 
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years, the inclusion of speech difficulties in the Ottawa Language Study, as well as the 
constructs used to define the mental health outcomes in adulthood. Despite these 
differences, though, these cohort studies provide evidence of continued vulnerability in 
psychological functioning for young people with a history of early language difficulties 
across adolescence and into adulthood. 
Other work has shown that early language delays are associated with emotional 
and behavioural difficulties (e.g. internalising and externalising problems) in childhood and 
adolescence (Petersen et al., 2013). However, this association has not been explored in 
adults. It has been suggested, though, that studies examining the association between 
language ability and adult behaviour problems are warranted (e.g. Petersen et al., 2013).  
In addition to mental health problems, early language delays in children has well-
documented adverse consequences on academic performance, including impaired literacy 
skills, and poorer educational outcomes (Catts et al., 2002; Whitehouse, Line, Watt, & 
Bishop, 2009). For example, Johnson et al. (2010) found that people with a history of 
language difficulties were less likely to complete high school, and were also less likely to 
have completed an undergraduate university degree by 25 years. By contrast, the 
evidence for the impact of early language delays on employment outcomes in adulthood is 
mixed, with some studies showing increased periods of unemployment (Clegg et al., 2005; 
Law et al., 2009) whilst others have observed no impact on rates of employment (Johnson 
et al., 2010). Of note, however, is that whilst Johnson et al. (2010) found the rates of 
employment were the same across groups, the group with early language impairment 
tended to be in lower skilled jobs requiring limited education (e.g. gardening, cleaning), 
than peers with typical language histories. 
6.2.1 Changes in language ability and the associated outcomes 
Prior research has examined changes in language ability through childhood and it 
has been established that language delays identified in some young children will resolve 
whereas in others, they may persist (Chapter 2 or Armstrong, Scott, et al., 2016). 
Furthermore, there are children whose language skills deteriorate in preschool or even 
later in childhood, even if they had normal language skills at an early age (Zambrana et al., 
2014). Several studies have investigated the factors predicting language impairment/delay 
at one time point (e.g. Reilly et al., 2010) as well as the predictors of different language 
trajectories (e.g. Chapter 2 or Armstrong, Scott, et al., 2016; Zambrana et al., 2014). A 
recent study by Armstrong, Scott, et al. (2016) (incorporated as Chapter 2) utilised data 
collected as part of the Mater-University of Queensland Study of Pregnancy (MUSP) birth 
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cohort and, in line with other trajectory studies, described four patterns of change in 
receptive vocabulary performance between childhood and adulthood (consistently typical, 
consistently low, improved and deteriorated).  
Despite this developmental fluctuation in language ability, few studies have re-
assessed language status at the time of follow-up to ascertain how change in language 
skills might influence outcomes in adolescence and adulthood. Beitchman et al. (1996) 
investigated the impact of change in language performance from 5 to 12.5 years on rates 
of psychiatric diagnoses in children in the Ottawa Language Study. They reported that 
children whose speech/language difficulties had improved to the average range at 12.5 
years of age had similar rates of psychiatric diagnoses (41.7%) to those showing continual 
speech/language delays over the same time period (43.3%). Interestingly, the rates of 
psychiatric diagnoses for children who had typical speech/language at 5 years but below 
average language performance at 12.5 years (deteriorating) were not statistically different 
from the consistently typical group (26.3% and 17.8% respectively) (Beitchman et al., 
1996). This finding suggests that earlier language ability, rather than current language 
functioning, influenced the rate of psychiatric symptoms experienced during childhood. 
A longitudinal study, conducted by Snowling et al. (2001), considered the impact of 
change in language skills on academic outcomes in a different language impaired cohort. 
They reported that children with persistent language delays from 5 to 15 years had poorer 
academic outcomes than children with consistently typical skills. In contrast to the findings 
reported by Beitchman et al. (1996) regarding mental health outcomes, Snowling et al. 
(2001) reported that children with early language delays whose language difficulties 
resolved by 15 years were academically comparable to the children who had consistently 
typical language skills.  
6.2.2 Current study  
Previous work has provided compelling evidence that early language delays result 
in poorer long-term outcomes across childhood and into adulthood (e.g. Johnson et al., 
2010; Schoon et al., 2010). However, given the variability that exists in language 
development (e.g. Chapter 2 or Armstrong, Scott, et al., 2016), studies which have 
examined these outcomes based on earlier language performance, or from only one 
assessment point, do not take into account the changes in language profiles that occur as 
children develop. Further research exploring whether long-term outcomes are influenced 
by distinct changes in language profiles over the school years is needed. The work by 
Beitchman et al. (1996) and Snowling et al. (2001) provide preliminary evidence of the 
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impact of language change on long-term outcomes, however, this association has not 
been explored beyond the adolescent period. As highlighted by Johnson and colleagues 
(2010), the years following formal education is a distinct developmental period whereby 
knowledge surrounding the long-term outcomes of language impairment can assist 
parents, professionals and even policy makers to anticipate challenges that individuals 
with language difficulties might encounter, plan services to address these issues, and 
ensure the allocation of appropriate resources to minimise any adverse outcomes. 
Therefore, understanding the post-school transitions for young people with different 
language profiles has important clinical implications for the management of language 
delays (Brownlie et al., 2016). 
Thus, the current study aimed to investigate the educational, employment and 
mental health outcomes for adults with consistently low, improved, and deteriorated 
vocabulary skills compared to adults showing consistently typical skills. It was 
hypothesised that the presence of low vocabulary skills at 21 years (deteriorated and 
consistently low) would result in increased risk of poorer educational, vocational and 
mental health outcomes compared to adults with consistently typical skills. However, for 
adults whose initial vocabulary delays had improved by 21 years they would have 
comparable long-term outcomes to the consistently typical group.  
6.3 Method 
6.3.1 Data 
As described in Chapter 2, the Mater-University of Queensland Study of Pregnancy 
(MUSP) originated in Brisbane (Australia) between 1981 and 1984. The MUSP is a 
prospective birth cohort study of 7,223 mothers and their offspring who received antenatal 
care at the Mater Misericordiae Mothers’ Hospital. Both the mothers and their children 
have been followed-up when the offspring were 6 months, 5-, 14-, and 21- years of age 
(see Najman et al., 2015 for full details of the MUSP study design and attrition).  
In line with Chapter 2, offspring who completed the PPVT-Revised (PPVT-R; Dunn 
& Dunn, 1981), at both the 5- and 21- year follow-ups were included in the current 
analyses. Also as per Chapter 2, participants were excluded from the current study if their 
mother reported having trouble understanding English at the first clinic visit. Based on 
these two criteria a total of 1,914 (26.5%) members of the MUSP cohort were eligible for 
inclusion in the current study (see Figure 6.1 for a flow chart describing the recruitment of 
the MUSP cohort and the selection of the sub-sample used in the current study). The 
mean age of the participants included in the analysis was 5.5 years (SD = .36; range = 
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4.5–7.4) at the 5-year follow-up and 20.5 years (SD = .81; range = 18.2–23.1) at the 21-
year follow-up.  
 
 
Figure 6.1 Recruitment and selection of the Mater-University of Queensland Study of 
Pregnancy (MUSP) cohort at initial intake, 5- and 21- year follow-ups. 
PPVT-R = Peabody Picture Vocabulary Test-Revised; YASR = Young Adult Self-Report; 
CIDI = Composite International Diagnostic Interview. 
 
6.3.2 Defining the vocabulary groups 
Receptive vocabulary skills were measured using the PPVT-R. As per Chapter 2, 
participants were considered to have below average receptive vocabulary knowledge if 
their performance was 1 standard deviation (SD) or more below the mean (equivalent to 
standard scores less than 85). This resulted in the identification of four patterns of change 
in vocabulary performance from 5 to 21 years in the MUSP cohort (see Chapter 2, Figure 
2.2 for a visual representation of the four patterns of change).  
The consistently typical vocabulary group (n = 1,679) had average (or above 
average) scores at both 5 (standard scores ranging from 85-141) and 21 (standard scores 
ranging from 85-135) years; the consistently low group (n = 33) had below average 
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vocabulary knowledge at 5 (standard scores ranging from 61-84) and 21 (standard scores 
ranging from 59-84) years; the improved group (n = 160) demonstrated vocabulary delays 
at 5 years (standard scores ranging from 55-84) but performed within (or above) the 
average range at 21 years (standard scores ranging from 85-123); and the deteriorated 
group (n = 42) showed average performance at 5 (standard scores ranging from 85-109) 
and below average at 21 years (standard scores ranging from 74-84). These four groups 
were used as predictor (independent) variables in the current study. 
6.3.3 Outcome measures 
6.3.3.1 Level of education. At the 21-year follow-up participants were asked to 
report their highest level of educational achievement. Response categories for this item 
included primary school, started secondary school, completed secondary school, College, 
Technical and Further Education (TAFE), or University. For the purposes of the current 
study, responses were consolidated into two categories: (i) incomplete secondary school, 
and (ii) complete secondary school and/or further education. 
6.3.3.2 Participation in education, employment or training. Participants also 
recorded their current education and employment status at the 21-year follow-up and they 
were classified as being in the ‘Not in Education, Employment or Training’ (NEET) group if 
they responded ‘no’ to both the questions: ‘are you attending a school or any other 
educational institution?’ and ‘in the last week did you have a full-time or part-time job of 
any kind?’. If participants responded yes to either of those questions, they were 
considered to be in some form of education, employment or training. 
6.3.3.3 Mental health. Mental health outcomes were measured at the 21-year 
follow-up using the Young Adult Self-Report (YASR; Achenbach, 1997) and the Composite 
International Diagnostic Interview (CIDI; World Health Organisation, 1992). The YASR, 
modelled on the Child Behaviour Checklist (Achenbach, 1991a), comprises 114 items 
which measure social competence and emotional and behavioural problems in adults aged 
18–30 years. Each item is based on the respondent’s experiences in the preceding 6 
months and is scored on a 3-point scale ranging from 0-2 where, 0 = not true, 1 = 
somewhat or sometimes true, and 2 = very true or often true. The Internalising and 
Externalising Scales were used in this study. These scales were derived from the 
individual items, with the Internalising scale comprising 24 items and the Externalising 
scale 28 items. For each scale, the 10th percentile was used as the clinical cut-off to 
identify the presence of behaviour problems (Achenbach, 1997). 
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At the 21-year follow-up, 2,575 of the 3,805 cohort members were administered the 
lifetime version of the CIDI computerised version. Not all cohort members received the 
CIDI, largely because of insufficient funding (Najman et al., 2014). Based on CIDI-derived 
Diagnostic and Statistical Manual of Mental Disorders-4th Edition (DSM-IV) criteria, the 
following lifetime diagnoses were identified: (a) affective disorder, (b) anxiety disorder, (c) 
alcohol abuse and/or dependence, and (d) illicit substance misuse incorporating abuse 
and dependence on opiates, cannabis, sedatives, cocaine, amphetamines, hallucinogens, 
inhalants, and phencyclidine. 
6.3.4 Covariates 
Based on the early risk factors of vocabulary delays identified by Armstrong, Scott, 
et al. (2016) (Chapter 2) and the availability of measures within the dataset, the following 
covariates were considered: maternal and paternal educational attainment and age, family 
income, sex and age of participants at the 21-year follow-up. Maternal and paternal 
educational attainment were based on mother report at the time of recruitment and were 
categorised as incomplete secondary and complete secondary/further education. Maternal 
and paternal age as reported at the first clinic visit was analysed as a continuous factor. 
Family income was based on parent report at the first clinic visit, with low income being 
defined as the gross family income falling in the bottom 25th percentile (income less than 
$10,400 AUD). Additionally, age was included as a potential covariate as participants were 
enrolled in the study over a three-year period but the 21-year follow-ups occurred over a 
two-year period. Sex was also included to account for any sex-specific influences on the 
outcome/s.  
6.3.5 Statistical analysis 
Chi-square analyses were used to examine the influence of participant attrition by 
comparing sociodemographic variables present at birth between the participants included 
in the current study, and the remainder of the MUSP cohort. Next Chi-square or Fisher’s 
exact test (in the event of expected cell frequency < 5) was used to check the association 
between the four vocabulary groups (consistently typical, improved, deteriorated and 
consistently low) and each of the adult outcomes (level of educational attainment, 
engagement in education, employment or training, and mental health). The outcomes 
which were significantly associated with vocabulary were further examined using binary 
logistic regression. The first step in each regression model was to compare the unadjusted 
effect of vocabulary group on each adult outcome. Next, any covariates which were 
correlated with each outcome variable of interest at the significance level of p < .10 (Hilbe, 
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2009) were added to the model. However, prior to running the final model these covariates 
were investigated to assess possible collinearity and excluded from the logistic regression 
model if evidence of multicollinearity existed (variation inflation factor; VIF > 5) (Menard, 
1995). For the logistic regression models, odds ratio (OR) and 95% confidence intervals 
(95% CI) are reported. The alpha levels for the logistic regression models were set at p < 
.05. Goodness of fit for the models were assessed using Pearson’s Goodness of fit test 
and an insignificant p-value represented a good fit of the model to the data. All analyses 
were conducted using the software Stata version 13.0 (StataCorp, 2013). 
To handle missing data, the current study used multiple imputations to impute for 
missing values on the covariates only. To reduce sampling variability 20 imputed datasets 
were generated (Horton & Lipsitz, 2001) and the resulting estimated associations of the 
observed and imputed datasets were averaged together to give an overall estimated 
association according to Rubin’s rules. It is important to note that the PPVT-R and the 
additional adult outcomes were used in the imputation model for precision, however, the 
imputed values for these variables were not used in the analysis (Von Hippel, 2007). The 
results from the multiple imputation analysis did not differ from those of the complete case 
analysis presented here (the results from the imputation analysis are available on request).  
 
6.4 Results 
 As shown in Chapter 2, Table 2.3, the attrition analysis revealed participants 
included in the current study, compared to the wider MUSP cohort, were more likely to be 
from families with higher income and have older parents who had completed secondary 
school. Results of the Chi-square analyses, as shown in Table 6.1, revealed that 
vocabulary group was significantly (p < .05) associated with the following outcomes: 
educational level, NEET, affective disorder, illicit substance abuse and alcohol abuse. 
These associations were further examined, by adjusting for the covariates using logistic 
regression analyses, and these results are described further below. Results from the 
Pearson’s R correlation coefficient analysis revealed that maternal and paternal age were 
correlated (r = 0.7, p < .001) as well as maternal and paternal education (r = 0.1, p < .001). 
Therefore, only maternal age and maternal education were included in the adjusted 
models. There was no further evidence of collinearity between the other covariates 
included in each model. All models, described below, fitted the data very well (p > .05). 
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Table 6.1 Distribution of outcomes amongst the four vocabulary groups: Results from Chi-square and Fisher’s exact test analyses 
 
a p-value from Chi-square test. b p-value from Fisher’s exact test.
Outcome 
Typical 
n = 1,679 
Improved 
n = 160 
Deteriorated 
n = 42 
Low 
n = 33 2(3) p 
n (%) n (%) n (%) n (%)   
Educational level       
Incomplete secondary 311 (18.8) 46 (28.9) 22 (53.7) 15 (46.9)  
<.001a Complete secondary  1348 (81.2) 113 (71.1) 19 (46.3) 17 (53.1) 50.64 
Not engaged in education, employment or training       
Yes 189 (11.4) 33 (21.0) 13 (30.9) 12 (37.5)  
<.001b No 1467 (88.6) 124 (79.0) 29 (69.1) 20 (62.5) 41.31 
Internalising behaviours       
Yes 145 (8.8) 19 (12.0) 4 (10.0) 3 (9.4)  
.540b No 1503 (91.2) 140 (88.0) 36 (90.0) 29 (90.6) 1.78 
Externalising behaviours       
Yes 162 (9.8) 16 (10.1) 7 (17.5) 2 (6.2)  
.405b No 1486 (90.2) 143 (89.9) 33 (82.5) 30 (93.8) 3.06 
Affective Disorder       
Yes 343 (21.2) 25 (16.7) 16 (39.0) 3 (9.7)  
.010a No 1275 (78.8) 125 (83.3) 25 (61.0) 28 (90.3) 12.14 
Anxiety Disorder       
Yes 389 (24.0) 34 (22.5) 12 (29.3) 9 (29.0)  
.746a No 1233 (76.0) 117 (77.5) 29 (70.7) 22 (71.0) 1.23 
Illicit substance abuse       
Yes 391 (24.2) 26 (17.3) 17 (42.5) 7 (22.6)  
.011a No 1227 (75.8) 124 (82.7) 23 (57.5) 24 (77.4) 11.22 
Alcohol abuse       
Yes 604 (37.3) 48 (32.0) 23 (57.5) 12 (38.7)  
.032a No 1014 (62.7) 102 (68.0) 17 (42.5) 19 (61.3) 8.79 
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6.4.1 Level of educational attainment 
As shown in Table 6.2, after adjusting for covariates, adults whose early vocabulary 
difficulties had improved to within the average range by age 21 years did not have an 
increased odds of premature exit from secondary education compared to the consistently 
typical group (adjusted OR = 1.33, 95% CI [0.90, 1.97]; p = .147). However, those in the 
consistently low (adjusted OR = 3.41, 95% CI [1.57, 7.41]; p = .002) and the deteriorated 
(adjusted OR = 5.36, 95% CI [2.69, 10.65]; p = < .001) groups were at significantly 
increased odds of not completing secondary education compared to the consistently 
typical group.  
 
6.4.2 Education, employment or training status 
Compared to those with consistently typical vocabulary skills, participants in the 
other three groups were at increased odds of being in the NEET group, even when all 
other covariates had been taken into account (see Table 6.2). Those in the consistently 
low and deteriorated groups had an over three-fold increase in odds of not being engaged 
in some form of education, employment, or training compared to consistently typical 
participants (adjusted OR = 3.95, 95% CI [1.77, 8.84]; p = .001 and adjusted OR = 3.72, 
95% CI [1.80, 7.70]; p = < .001, respectively). Similarly, those with improved skills had 
more than twice the risk of being in the NEET group (adjusted OR = 2.01, 95% CI [1.28, 
3.16]; p = .002) compared to those with consistently typical vocabulary ability.  
 
6.4.3 Mental health 
In the unadjusted analysis, only those in the deteriorated group had increased risk 
of mental health disorders at 21 years. As shown in Table 6.2, these poorer mental health 
outcomes remained in the fully adjusted model for affective disorder (adjusted OR = 2.17, 
95% CI [1.12, 4.20]; p = .021), illicit substance abuse (adjusted OR = 2.40, 95% CI [1.20, 
4.82]; p = .013) and alcohol abuse (adjusted OR = 2.32, 95% CI [1.20, 4.47]; p = .012) 
subtests of the CIDI.  
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Table 6.2 Binary logistic regression estimates showing the relationship between 
vocabulary developmental profiles and adult outcomes 
 Adult outcome 
 Incomplete secondary education 
Vocabulary group OR [95% CI]  Adjusted OR [95% CI]a 
Typical Reference  Reference 
Improved 1.76 [1.22, 2.54]**  1.33 [0.90, 1.97]ns 
Deteriorated 5.02 [2.68, 9.39]***  5.36 [2.69, 10.65]*** 
Low 3.82 [1.89, 7.74]***  3.41 [1.57, 7.41]** 
 NEET 
 OR [95% CI]  Adjusted OR [95% CI]b 
Typical Reference  Reference 
Improved 2.07 [1.37, 3.12]***  2.01 [1.28, 3.16]** 
Deteriorated 3.48 [1.78, 6.81]***  3.72 [1.80, 7.70]*** 
Low 4.66 [2.24, 9.68]***  3.95 [1.77, 8.84]*** 
 Affective Disorder 
 OR [95% CI]  Adjusted OR [95% CI]c 
Typical Reference  Reference 
Improved 0.74 [0.48, 1.16]ns  - 
Deteriorated 2.38 [1.26, 4.51]**  2.17 [1.12, 4.20]* 
Low 0.40 [0.12, 1.32]ns  - 
 Illicit Substance Abuse/Misuse 
 OR [95% CI]  Adjusted OR [95% CI]d 
Typical Reference  Reference 
Improved 0.66 [0.42, 1.02]ns  - 
Deteriorated 2.32 [1.23, 4.39]**  2.40 [1.20, 4.82]* 
Low 0.91 [0.39, 2.14]ns  - 
 Alcohol Abuse/Misuse 
 OR [95% CI]  Adjusted OR [95% CI]e 
Typical Reference  Reference 
Improved 0.79 [0.55, 1.13]ns  - 
Deteriorated 2.27 [1.20, 4.29]*  2.32 [1.20, 4.47]* 
Low 1.06 [0.51, 2.20]ns  - 
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Note. OR = odds ratio; CI = confidence interval; ns = non-significant; NEET = Not engaged 
in education, employment or training. 
a Logistic regression model adjusted for: maternal education, maternal age, family income, 
and sex. b Logistic regression model adjusted for: age at 21-year follow-up, maternal age, 
maternal education, family income and sex. c Logistic regression model adjusted for: age at 
21-year follow-up, maternal age, paternal education and sex. d Logistic regression model 
adjusted for: age at 21-year follow-up, family income and sex. e Logistic regression model 
adjusted for: age at 21-year follow-up, maternal education and sex. 
*_p < .05. ** p < .01. *** p < .001 
 
6.5 Discussion 
This is the first study to examine associations between receptive vocabulary status, 
in both childhood and early adulthood, and psychosocial outcomes. Based on data from a 
prospective birth cohort, adults demonstrating vocabulary impairment at 21 years, 
regardless of whether this impairment had been present at 5 years (consistently low 
group) or not (deteriorated group), had increased odds of not completing secondary 
education, and not being engaged in employment, education or training at the 21-year 
follow-up. Similarly, people who had vocabulary delays at 5 years but typical skills at 21 
years (improved group) showed increased odds of not being engaged in employment, 
education or training. Finally, with regards to mental health outcomes, it was only adults 
whose vocabulary skills deteriorated between 5 and 21 years (deteriorated group) who 
had an increased risk of poor mental health in early adulthood.  
Participants with below average receptive vocabulary skills at 21 years, both those 
whose skills deteriorated and those whose skills were consistently low, were less likely to 
have completed secondary school. Given that this educational outcome occurred prior to 
the second vocabulary assessment time point, the results of the current study must be 
interpreted with caution. That is, vocabulary performance at the 21-year follow-up was 
associated with educational outcomes but it cannot be ascertained whether it was causal 
in nature. These findings of poorer educational outcomes, however, are commensurate 
with previous work which found those with early language delays have worse educational 
outcomes than their peers with typical language histories (Johnson et al., 2010; 
Whitehouse et al., 2009). It is further hypothesised that the results of the current study 
could also be explained by the intricate relationship between vocabulary and reading. It is 
well established that vocabulary skills are strongly correlated with reading skills and that 
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this relationship is bi-directional (e.g. Catts et al., 2002). Children with impaired reading 
skills are also at increased risk of poorer academic performance and educational 
outcomes (e.g. Parsons et al., 2011). Hence, this complex interplay between vocabulary 
and reading may explain the increased rate of disengagement with formal education which 
was observed in participants with vocabulary impairment at 21 years. Furthermore, 
individuals with language impairment also show marked deficits in social skills and in the 
formulation and maintenance of friendships (Durkin & Conti-Ramsden, 2007) and are at 
risk of higher rates of social phobia symptoms than their peers (Brownlie et al., 2016). 
Thus, difficulties communicating socially with peers may also lead to reduced enjoyment in 
school and earlier dropout. Further research is needed to explore the influence of reading 
and vocabulary development on educational outcomes as well as peer relationships. Such 
explorations will assist in tailoring appropriate intervention to prevent these poorer 
educational outcomes from occurring. 
A further finding was that all participants who showed below average vocabulary 
knowledge at one time point (5 years or 21 years) had increased odds of poorer vocational 
outcomes compared to the participants with consistently typical vocabularies. These 
findings for the adults with vocabulary difficulties at 21 years (the deteriorated and 
consistently low groups) were not surprising given that not completing secondary 
education may have greatly limited the opportunities for employment or further education 
post-schooling (e.g. Leach & Butterworth, 2012). However, contrary to expectations, was 
the finding that adults with early vocabulary problems that had improved by 21 years 
(improved group) were also less likely to be engaged in employment, education or training 
compared to those with consistently typical skills.  
This finding showing that adults with improved vocabulary skills remained at risk of 
poor vocational outcomes suggests that even when early vocabulary delays have 
resolved, these adults are still susceptible to adverse vocational outcomes following 
secondary education. Studies examining outcomes of language impaired populations have 
shown that even though some children appear to grow out of their early language delays, 
they still exhibit a subclinical risk evidenced by language-related difficulties in later 
childhood (e.g. Rescorla, 2009). Focusing on the late talking population, for example, 
previous work has shown that despite performing within normal limits on standardised 
tests of language and literacy, participants with resolved language skills still performed 
significantly worse than peers with typical language histories (Rescorla, 2009). The results 
of the current study expand on this previous work in late talkers by suggesting that 
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vulnerability also remains for those children with resolved vocabulary skills in terms of their 
long-term vocational outcomes, over and above their performance on a standardised test.  
Also contrary to the hypotheses, was the finding that adults with deteriorated 
vocabulary profiles, but not those with consistently low skills, were at increased risk of 
mental health problems. One possible explanation for this finding is the notion that 
childhood language impairment leads to (or exacerbates) difficulties in other domains. For 
example, research shows that language disorders in childhood predict mental health 
problems in adolescence and young adulthood (Toppelberg, 2014). This relationship is 
thought to occur because children affected by a language disorder are more likely to 
demonstrate low academic achievement, which leads to academic demands becoming 
overwhelming, and subsequent psychopathology (Toppelberg, 2014). Whilst this 
association has been established in earlier work, it does not explain why adults with 
consistently low skills were also not at increased risk of mental health problems in the 
current study. Alternatively, for young adults with deteriorated vocabulary profiles, their 
vocabulary difficulties may have been preceded by their mental health problems which 
subsequently constrained communication opportunities through disengagement with 
education and peers.  
Finally, unmeasured confounders such as family history of mental illness, disrupted 
family structure and maltreatment in childhood might explain both deteriorated language 
profiles and the associated adverse psychosocial outcomes (e.g. Conti-Ramsden & 
Durkin, 2016). The constraints of the current study, including the 16-year gap between the 
only two assessment time points, meant that it was not possible to investigate causality, 
the precise onset of the language or mental health problems, and how other factors might 
impact on the identified associations. Further research is needed to determine the 
pathways underlying the associations between change in language profile and adverse 
psychosocial outcomes.  
With respect to specific mental health outcomes, adults with deteriorating 
vocabulary profiles were at increased risk of affective disorders, illicit substance abuse and 
alcohol abuse, but not anxiety disorders, at the 21-year follow-up. This was an unexpected 
finding because of the comorbidity that exists between these disorders (Goodwin et al., 
2002). Furthermore, it is in contrast to Beitchman et al. (2001), who found that at 19 years, 
adolescents with a history of early speech or language delays were at increased risk of 
anxiety disorder but not affective disorders or substance abuse. One possible explanation 
for the associations observed in the current study is that deteriorated vocabulary skills 
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were part of a depressive illness that emerged during adolescence. Depression affects 
cognition (e.g. Austin, Mitchell, & Goodwin, 2001) and is also strongly associated with 
increased substance use (including drug and alcohol), and disrupted school engagement 
(Leach & Butterworth, 2012). By comparison, the association between anxiety disorders, 
cognitive impairment and school engagement is less robust (e.g. Castaneda, Tuulio-
Henriksson, Marttunen, Suvisaari, & Lönnqvist, 2008). Therefore this may reverse 
causality whereby depression with or without substance abuse but not anxiety leads to 
deteriorating vocabulary performance. Further research is needed to better understand 
this association.  
6.5.1 Clinical implications 
Whilst this study only focused on one component of language, the results provide 
clinicians and educators with evidence for considering developmental language profiles 
when working with language impaired populations. The current findings also substantiate 
previous work (Beitchman et al., 1996; Snowling et al., 2001) by showing that vocabulary 
impairment in adulthood results in poorer educational, vocational and mental health 
outcomes, and also highlights the continual vulnerability which remains for young people 
even when their language difficulties appear to have resolved. Clinicians working with this 
population should consider the challenges faced by individuals when they leave school, 
and plan services to address these long-term issues and post-school transitions for 
adolescents with both current and previous language difficulties. This includes educating 
parents and teachers regarding the vulnerability which remains for young children with 
early language difficulties whose skills improve over time, as these young people may 
require support and monitoring to ensure they achieve optimal long-term outcomes. 
Furthermore, the association between language and mental health outcomes 
substantiates the importance for both speech language pathologists and psychiatrists to 
work together when formulating support plans. Adolescents with language difficulties may 
find therapies that are heavily reliant on language/linguistic exchange, such as cognitive 
therapy, less helpful, and modifications of interventions may be necessary for this group to 
account for their language difficulties (e.g. Toppelberg, 2014). 
6.5.2 Limitations and future directions 
As a consequence of the lengthy follow-up period, attrition within the sample was 
evident, and was the main limitation of the current study. Only 26.5% of the original MUSP 
cohort was included in the analysis and thus, results may not be broadly representative of 
the general population. In fact, the results of the attrition analysis showed that the 
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participants included in the current sample underrepresented the most disadvantaged 
families. Furthermore, the small group sizes, particularly for the deteriorated and 
consistently low groups, may have increased the likelihood of type II errors, due to 
insufficient statistical power. 
Additionally, whilst the current study utilised the PPVT-R, which is a widely used 
measure in both research and clinical practice, this assessment only examines one aspect 
of language, receptive vocabulary, and hence the conclusions drawn from this study may 
not be applicable to problems in other language domains. Furthermore, given that no other 
measure of language or cognition was available within the dataset, it cannot be 
determined whether vocabulary impairment was the result of a broader cognitive/language 
impairment, and how the severity of such conditions may have influenced the results. 
Thus, further research in this area is needed to define changes in language status beyond 
receptive vocabulary knowledge alone and consider other conditions, such as 
developmental disorders, which could impact the associated outcomes and language 
trajectories. 
When interpreting the results of the current study in terms of adult outcomes, the 
age at which the participants were followed up must also be considered. Participants in the 
current study ranged in age from 18 to 23 years, which is relatively young in terms of post-
school outcomes. However, within Australia, the majority of students start tertiary 
education immediately after completing secondary school (at approximately 17 to 18 years 
of age) (Australian Bureau of Statistics, 2013). The inclusion of the NEET variable as a 
measure of vocational outcomes was also utilised to capture more broadly the different 
pathways on which students may embark following secondary education (including further 
education, employment [part-time, full-time, casual], or training [including 
apprenticeships]). Furthermore, it has been established that unemployment at a young age 
increases the risk of later physical and mental health problems and requiring ongoing 
financial support (von dem Knesebeck, Verde, & Dragano, 2006). Thus, consideration of 
outcomes in these early adult years remains important in preventing these further 
adversities from occurring. However, it remains important for future work to examine the 
influence of changing language profiles on long-term outcomes later in adulthood. This will 
allow for more direct comparisons with previous studies that have measured outcomes 
beyond 30 years of age (Beitchman et al., 2014; Law et al., 2009; Schoon et al., 2010). 
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6.6 Conclusion 
This study provides preliminary evidence surrounding how distinct vocabulary 
profiles are associated with psychosocial outcomes in adulthood. It extends on current 
knowledge by showing that vocabulary impairment at 21 years is associated with poor 
outcomes, however those adults whose skills do not deteriorate until after 5 years of age 
appear to be at higher risk of more adverse outcomes. Thus, the results of the current 
study also lend support for future studies to consider the impact of changes in language 
skills over time on associated outcomes, to ensure the small subgroup of children with 
deteriorated language profiles are not overlooked. Further, early identification of and 
intervention for young people with language impairment, and close monitoring of 
individuals whose language difficulties appear to resolve, remains paramount in preventing 
these long-term adversities from occurring. 
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7 Chapter 7: Conclusion 
This thesis aimed to: (i) identify the early life characteristics that placed children at 
risk of poor language outcomes, and (ii) understand the long-term social, educational, 
vocational and mental health outcomes in adulthood for language impaired populations. 
This final chapter summarises the major findings of this thesis and the implications for 
research and clinical practice. In addition, the limitations and important directions for future 
research are outlined.  
7.1 Predicting language outcomes from characteristics present in the first five 
years of development 
The first aim of this thesis was to investigate the predictors of language outcomes 
by examining characteristics present in the first five years of a child’s life. Chapters 2, 3 
and 4 focused on the early prediction of long-term language outcomes but utilised two 
different methodological approaches. The first approach focused on identifying parental, 
family and child risk factors associated with vocabulary developmental pathways for 
participants of the MUSP (Chapter 2) and broader language developmental pathways for 
participants of the Raine (Chapter 3). While the second approach also examined 
participants of the Raine cohort, it employed machine learning (ML) algorithms to 
investigate the utility of developmental screening in toddlerhood for predicting language 
outcomes in middle childhood (Chapter 4). The findings from these two approaches are 
discussed in turn below. 
7.1.1 Parent, family and child risk factors: Predicting different language 
developmental pathways 
Cohort studies to date have predominantly focused on identifying predictors of 
language impairment and language growth (as were summarised in Tables 2.1 and 3.1). 
However, fewer studies have examined the predictors of language change by taking into 
account language performance at two or more assessment points. Further, these studies 
have only focused on changes in language performance across the first five years of the 
child’s life (Law et al., 2012; Ukoumunne et al., 2012; Zambrana et al., 2014). Thus, overall 
the results from Chapters 2 and 3 of this thesis have advanced current knowledge 
regarding the parental, family and child characteristics that are present in the first five 
years but which also influence change in language ability across development, extending 
into the school-age and adult years.  
7.1.1.1 Parent, family and child risk factors for deteriorating language 
profiles.  One notable finding was the identification of risk factors in both 
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the MUSP (Chapter 2) and Raine (Chapter 3) cohorts that were associated with 
deteriorating language profiles. This group of children who demonstrate early language 
skills that are typical but then deviate from the expected language developmental pathway 
are not detected in studies that measure language performance at one assessment time 
point, are not captured by previous studies that focus on predictors of early language 
delays, and may not be identified by early screening practices. Thus, the identification of 
risk factors for deteriorating language trajectories in this thesis is particularly noteworthy 
and advances the current understanding of early predictors of children at risk of 
experiencing later language difficulties, despite the presence of earlier typical language 
skills.  
A range of maternal, paternal, family and child factors were investigated as potential 
predictors of language outcomes in both the MUSP and Raine studies. The risk factors 
identified in this thesis for individuals showing deteriorating language profiles included: 
paternal educational level (MUSP and Raine), maternal smoking during pregnancy (MUSP 
and Raine), internalising problems at 5 years (MUSP), family income (Raine), male sex 
(Raine) and early literacy environment (Raine).  
The influence of paternal educational attainment on deteriorating language profiles 
is a particularly important finding. Most cohort studies have focused on maternal 
educational attainment in predicting language outcomes (Law et al., 2012; McKean et al., 
2015; Reilly et al., 2010). However, while paternal educational attainment has received 
less attention, the results from this thesis find support from a number of other studies that 
have also demonstrated the important contributions fathers make to their children’s 
language development (e.g. Duursma et al., 2008; Pancsofar & Vernon-Feagans, 2006; 
Varghese & Wachen, 2015; Zambrana et al., 2014). Thus, it is becoming increasingly 
evident that there is a need for clinicians, researchers and policy makers to consider the 
role fathers play in supporting their children’s language development and for the need to 
involve fathers, as well as mothers, in efforts to improve language outcomes for children. 
The detrimental influence of maternal smoking during pregnancy on language 
development adds to the strong evidence of the harmful effects of maternal cigarette 
smoking on offspring (e.g. Knopik, 2009; Shea & Steiner, 2008). However, the fact that 
maternal smoking during pregnancy in this thesis was associated with deteriorating 
language profiles illustrates the complexity of the association between maternal smoking 
and child outcomes (Faa et al., 2016; Lambe et al., 2006). There is evidence of 
pathological changes to brain development associated with prenatal smoking exposure 
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which has been shown to influence emotion, attention and impulse control later in life 
(Ekblad et al., 2010; Faa et al., 2016). On the other hand, large-scale studies have shown 
that in some instances prenatal cigarette exposure may be more of a proxy measure for an 
unmeasured parental behaviour or other confounds that may be contributing to language 
development (Lambe et al., 2006). Thus, further research is needed to investigate whether 
the deteriorating language skills in the offspring of mothers who smoke during pregnancy 
are a result of biological mechanisms influencing neurodevelopment, social factors, or 
both. 
There were also some risk factors associated with a deteriorating profile that were 
inconsistent across the MUSP and Raine studies. These included internalising problems, 
sex and level of family income. Firstly, the presence of internalising problems was 
associated with deteriorating vocabulary difficulties between ages 5 and 21 years in the 
MUSP cohort (Chapter 2), although these behaviours were not significantly associated 
with a deteriorating language profile between ages 2 and 10 years in the Raine Study 
(Chapter 3). It is hypothesised that these contrasting findings may be explained by the 
different ages and developmental stages at which the internalising behaviours and 
language were measured in the two studies. For example, the presence of internalising 
problems at 5 years in the MUSP, compared to 2 years in the Raine, may exert a greater 
influence on language development as the child is commencing formal schooling. 
Regardless, the influence of behavioural problems on language outcomes has been 
demonstrated in other studies (Bornstein et al., 2013; Petersen et al., 2013; Yew & 
O'Kearney, 2013). Taken together these results provide further support of the need for 
collaboration between speech language pathologists and mental health clinicians to 
promote psychological wellbeing in the early years which may prevent future language and 
learning difficulties (e.g. Durlak et al., 2011). 
Male sex was associated with an increased risk of deteriorating language skills from 
2 to 10 years in the Raine, but did not influence vocabulary change from 5 to 21 years in 
the MUSP. While males are often reported to be at higher risk for early language delays 
than females (Wallace et al., 2015), there is some variability in this domain supporting the 
inconsistency in results arising from the two cohorts in this thesis. For example, in the 
1970 British Cohort Study, Law, Rush, et al. (2013) found that girls were more likely to 
show receptive vocabulary delays at 5 years than boys. However, there is further evidence 
suggesting that this association between sex and language performance could be 
influenced by the age of follow-up. As suggested by Rice and Hoffman (2015), and 
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supported by the results of this thesis, males may be at increased risk of low language 
earlier in childhood but this risk may not persist into adulthood. Hence, these results 
suggest further research is needed to disentangle the relationship between sex, age and 
language development. 
Socioeconomic status was also found to influence the language development of the 
Raine cohort only, with those from low income families at greater risk of deteriorating 
language profiles. Other cohort studies have also shown an association between family 
socioeconomic status, language impairment (McKean et al., 2015), language growth 
(Taylor et al., 2013) and language change (Ukoumunne et al., 2012; Zambrana et al., 
2014). Thus, while the influence of socioeconomic status on language development was 
different in the two cohorts in this thesis, there remains strong evidence to support 
intervention programs and additional resources aimed at children from families with lower 
socioeconomic status to optimally support language and learning in both early childhood 
and at school (Cartmill, 2016). It is important to note, though, that while low socioeconomic 
status was a risk factor in Chapter 3, it does not preclude the presence of other factors 
(untested in this thesis due to availability) that might impact negatively on language 
development. 
The final factor that increased a child’s risk of deteriorating language skills in the 
Raine cohort was less exposure to book reading in the first two years of life. This could not 
be examined in the MUSP cohort as reading exposure in the home environment was not 
measured. While the data available within the Raine Study only allowed for the 
consideration of the quantity but not quality of early literacy exposure, the importance of 
early book reading on language outcomes is supported by other studies (Farrant & 
Zubrick, 2013; Kalb & van Ours, 2014; McKean et al., 2015). Taken together, the present 
results and those of previous studies provide evidence that reading to children as early as 
2 years is an important way for parents to support their child’s language development in 
the home environment (e.g. Farrant & Zubrick, 2013; McKean et al., 2015). 
7.1.1.2 Parent, family and child risk factors for consistently low language 
skills. Chapters 2 and 3 of this thesis also examined the early life 
characteristics associated with different language outcomes for children who presented 
with early language delays at the first assessment point. Potential risk factors were 
investigated for children showing consistently low language skills compared to those 
children with more positive language outcomes where their early delays had resolved by 
the follow-up assessment. Chapter 2, which focused on the MUSP cohort, did not detect 
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any factors in the first 5 years of life that were associated with individuals showing 
consistently low vocabulary skills compared to those participants who demonstrated 
improved vocabulary skills from 5 to 21 years. The only risk factor for consistently low 
language in the Raine cohort (Chapter 3) was maternal smoking during pregnancy, adding 
further evidence to the harmful effects of maternal smoking during pregnancy on language 
outcomes (Lambe et al., 2006). 
These findings suggest that the use of early life risk factors for identifying children at 
risk of consistently low language skills compared to those children whose language 
outcomes improve remains inconclusive. While the potential factors that were considered 
in the current study were selected because they have been shown to increase a child’s 
risk of language difficulties at one assessment point, this thesis did not provide evidence 
that these factors placed children at risk of consistently low language skills across 
development. When taken together with the findings from other cohort studies, it is 
apparent that while some factors may increase the risk of language delays at one time 
point, they may not be driving factors influencing language growth or change for children 
across development. For example, McKean et al. (2015) did not find low birth weight or 
television viewing to be risk factors for language delays at 4 years of age in the ELVS 
cohort. However, these two factors were significantly associated with language growth 
from 4 to 7 years. Similarly, Taylor et al. (2013) found low socioeconomic status influenced 
vocabulary growth from 4 to 8 years in the LSAC cohort although it had not been identified 
as a significant risk factor for low vocabulary at 4 years. Thus, it is paramount that future 
investigations of the risk factors associated with language impairments are not only guided 
by language performance at one time point but also consider how these factors influence a 
child’s language skills over time.  
7.1.1.3 Summary of parent, family and child risk factors influencing language 
outcomes. Overall, the findings of the first two studies in this thesis provide 
important advances in understanding the variability that exists in language development by 
identifying some of the factors that influence distinct patterns of change in language ability 
over time. Consistent with other population-based studies, the results of the current thesis 
continue to demonstrate the importance of the early home environment, including broader 
socioeconomic factors of the family as well as aspects related to the child, which 
influences language outcomes across development. However, also in line with other 
previous studies (as summarised in Chapter 3, Table 3.1), the current thesis highlighted 
further variability, and inconsistencies, as to the specific risk factors influencing language 
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outcomes in two population-based cohorts. Unfortunately, this variability means that a 
reliance on risk factors alone for improving early identification of the children at risk of poor 
language outcomes is unlikely to be reliable in a clinical setting. Further, while the current 
thesis provides preliminary evidence of the risk factors affecting deteriorating language 
profiles into the school-age and adult years, only one risk factor (i.e. maternal smoking 
during pregnancy) for consistently low language skills was identified. Thus, for children 
showing early language delays it remains paramount for future research to continue to 
explore the factors contributing to more optimal language outcomes for some children, to 
assist with prioritising early intervention services for those children most at risk of 
persisting language delays. 
7.1.2 Within-child developmental risk factors: Predicting language outcomes in 
middle childhood 
While Chapters 2 and 3 took the approach of considering the child in the context of 
their early environment to identify risk factors affecting poor language outcomes, Chapter 4 
focused specifically on the child’s level of ability across developmental domains using an 
early developmental screening measure. By taking this approach, Chapter 4 aimed to 
advance the area of early detection in two specific ways. Firstly, most previous studies 
examining the predictive ability of screeners focus on the role of early language skills; 
however Chapter 4 investigated how other behaviours of neurodevelopment, including 
gross motor, fine motor, social and adaptive abilities influenced language outcomes, over 
and above early communication alone, in a population-based sample. Secondly, the 
predictive ability of traditional logistic regression models was compared with more 
advanced ML algorithms. This ML approach allowed for the investigation of the role of 
individual questions on the Infant Monitoring Questionnaire (IMQ) for explaining language 
outcomes, and the visual representation of these items through decision trees (as shown 
in Figures 4.2 and 4.3). This focus on the predictive ability of individual questions was in 
contrast to the more common approach of combining parent responses on each question 
to give an overall indication of the child’s ability in each respective domain.  
 Interestingly, and contrary to hypotheses, the results of the ML models were largely 
equivalent to the traditional logistic regression approach. When looking at just the 
communication subscale of the IMQ at 3 years, the predictive ability of the logistic 
regression and ML were comparable. Furthermore, adding the broader IMQ data at 3 
years (including the questions relating to gross and fine motor, personal-social skills and 
adaptive skills) did not improve the overall accuracies of the ML models. In terms of the 
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sensitivity and specificity though, ML did show an increase in sensitivity (compared to 
traditional logistic regression), particularly when including all IMQ data (sensitivity = 49%). 
Thus, even though this best model demonstrated increased predictive ability over 
communication skills alone and traditional logistic regression approaches, only one in 
every two children who were at risk of low language skills at 10 years were being 
successfully predicted by the model based on their developmental ability at 3 years of age. 
Interestingly, results from Chapter 4 also demonstrated that models including Year 1, 
Year 2 and Year 3 IMQ data improved overall accuracy of the models. Thus, this thesis 
provides preliminary evidence to suggest that repeat screening at more than one point in 
time, including developmental ability across domains, may be a promising avenue for 
further research to explore. Further, possible future application of ML in this area is the 
identification of questions that are most salient in predicting future language outcomes. 
This could subsequently result in refinement and improvements to current screening 
instruments to ensure these measures can accurately distinguish transient from persistent 
language delays.  
7.2 The long-term psychosocial outcomes associated with delayed language 
acquisition 
The second aim of this thesis was to examine the impact of language difficulties on 
psychosocial outcomes in young adulthood. To address this aim, the final two studies in 
this thesis (Chapters 5 and 6) explored the long-term outcomes for different language 
impaired populations and addressed two specific gaps in the literature. Chapter 5 
examined autistic-like traits in adulthood for participants of the Raine cohort who had been 
late talkers, while the final study (Chapter 6) investigated the impact of developmental 
vocabulary profiles on the educational, vocational and mental health outcomes at 21 years 
in the MUSP cohort. The findings from these two chapters are discussed in turn below. 
Many previous studies have focused on the long-term outcomes in both clinical and 
population-based samples for children who were late talkers. However, this previous work 
has only focused on the outcomes in early childhood and school-age years (e.g. Rescorla, 
2009). No study, prior to the one conducted as part of Chapter 5, had extended the 
investigation of long-term outcomes for late talkers into adulthood. Further, as previous 
work has also shown an association between language delays and ASD (e.g. Boucher, 
2012; Buschmann et al., 2008), Chapter 5 aimed to advance the knowledge of the long-
term impact of delayed language acquisition in the first two years of life by focusing on 
levels of autistic-like traits experienced at 20 years in the Raine cohort. The findings 
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arising from Chapter 5 showed an association between reduced language endowment at 2 
years and autistic-like traits in adulthood. More specifically, a smaller vocabulary size at 2 
years was associated with higher scores on the Total AQ, Communication and Social 
Skills subscales. Interestingly, these results from Chapter 5 highlight that this association 
between early language ability and autistic-like traits in adulthood was driven by a strong 
communication component as it was not the full range of autistic-traits that was being 
predicted but ultimately communication skills as identified by a few aspects of the scale. 
Thus, the current thesis provided novel evidence of an association between early 
language ability and participants’ self-reported preferences for how they use language for 
social purposes in adulthood.  
The final study in this thesis (Chapter 6) examined the association between 
changing language profiles and long-term psychosocial outcomes in the MUSP cohort. 
Most of the previous work investigating long-term outcomes of language impaired 
populations has reported the psychosocial outcomes for children who demonstrated early 
language delays (e.g. Beitchman et al., 2014; Clegg et al., 2005; Johnson et al., 2010; 
Schoon et al., 2010). But the results of this thesis advance the field by capturing previous 
as well as concurrent language functioning to determine how specific language 
developmental pathways influenced adult outcomes.  
Notably, compared to their peers with consistently typical vocabulary profiles, the 
young adults whose vocabulary skills had deteriorated from 5 to 21 years had the most 
disadvantageous outcomes. These young adults who deviated from the expected 
language developmental pathway were at increased risk of not completing secondary 
school, not being engaged in education, employment or training, and they were more likely 
to have poor mental health in terms of higher rates of affective disorders as well as alcohol 
and illicit substance abuse/misuse. Furthermore, findings from Chapter 6 indicated that 
young adults with consistently low vocabulary skills were also at increased risk of poor 
educational and vocational outcomes, but their mental health outcomes were not 
statistically different to adults who had typical vocabulary at 5 and 21 years.  
Further, adults showing improved vocabulary trajectories had a higher risk of 
outcomes that were less favourable compared to peers with typical language histories in 
terms of vocational achievements following secondary education. More specifically, as part 
of the MUSP cohort, adults who presented with early vocabulary delays that subsequently 
improved remained at increased risk of not being engaged in education, employment or 
training at the 21-year follow-up. Overall, the findings from the final study in this thesis 
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provide further information regarding the influence of vocabulary developmental pathways 
on long-term psychosocial outcomes. By capturing change in vocabulary performance, this 
research extends previous work showing both early and concurrent language ability can 
subsequently impact upon outcomes into adulthood.  
7.3 Implications of research findings 
7.3.1 Clinical and research implications 
Overall, this thesis provides evidence of the variability that exists in language 
across child development. From the Raine cohort, one in every two children who were late 
talkers continued to show language delays at 10 years. Therefore, delays in language in 
very young children should continue to be a red flag for clinicians and act as a prompt for 
intervening early so as to avoid language delays persisting through the primary school 
years. Just as there was variability in language development for children showing early 
language delays, the current thesis also provided evidence that not all children with typical 
language skills early in development will remain on this typically developing pathway. For 
this reason, parents, teachers, and other health professionals need to monitor children’s 
language skills throughout development and understand that fluidity in language skills 
does exist. Furthermore, not only do these language profiles provide further justification for 
the role of early intervention services, there is continued evidence, particularly for children 
showing deteriorating language skills, of the importance of speech language pathologists  
employing preventative models of care as well (Law, Reilly, & Snow, 2013). 
 In terms of the early detection of these children at risk of low language skills, the 
current thesis provides important implications for both clinicians and researchers. While 
risk factors cannot explain all of the variation in language outcome, the predictors that 
were identified provide important considerations and avenues for intervention and further 
work. Firstly, it is apparent that many of the risk factors for language problems in children 
exist in the home environment. The parental and family risk factors included families with 
lower paternal educational levels, mothers who smoked during pregnancy, and low family 
income. Health and educational professionals need to be particularly vigilant of children’s 
language development where children are growing up in families where these risk factors 
exist. Modification of the environment for all children, but particularly for those at risk, may 
ameliorate potential risk of lasting language difficulties. For example, interventions that 
support fathers as well as mothers to engage in book reading with very young children 
(younger than 2 years of age) could be more effective than those interventions which 
target mothers only.  
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The second area providing important clinical implications relates to screening and 
early detection. This thesis found that the use of the IMQ as a screening instrument at 3 
years was poorly sensitive but highly specific in predicting language outcomes. Thus, 
future research will need to continue to work towards refining screening measures if this 
approach is going to be successful for improving early identification practices. While the 
current thesis provides some important advances in terms of predicting language outcome 
by using ML approaches, further research is needed to understand more about why some 
children deviate from the expected pathway and what is providing resilience for other 
children. For example, as highlighted earlier in this chapter, this may consist of refining 
screening instruments to ensure these tools are measuring the most salient features of 
child development that predict language outcomes. Furthermore, this thesis has 
demonstrated variabiliy in language development, and highlighted the difficulty that is 
encounterd by clinicians when relying on either risk factors alone or the use of universal 
screening at only one point in time. Thus, one potential for improving the early detection of 
identifying children at risk for continuing language difficulties is for clinicians to consider 
repeat screening and ongoing surveillance of children across development to ensure those 
children at the highest risk of persisting language difficulties are identified and receive the 
early intervention that they require.  
This thesis also provided evidence of the adversities associated with childhood 
language difficulties into early adulthood across multiple facets of adult life including 
difficulties with social communication, as well as poorer educational, vocational and mental 
health outcomes. Clinicians and parents need to be aware of the potential long-term 
implications of delayed language acquisition that can be faced by individuals with 
language impairment into early adulthood. In this way, there is a need for continued 
support of campaigns (such as the existing Raising Awareness for Language Learning 
Impairment [RALLI] campaign) raising community awareness and educating families and 
professionals of the importance in addressing language difficulties. Furthermore, clinicians 
working with children, adolescents, and young adults with language impairments need to 
consider the functional implications of language difficulties in addition to performance on 
standardised assessments. It is important to note that many adults with early language 
delays, or concurrent language impairments experienced adverse outcomes.  
The identification of these adverse outcomes associated with delays in language 
provides further evidence for intervention approaches that support language development 
for toddlers, children, adolescents, and even young adults (Norbury, 2015). The findings of 
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this thesis also highlight the potential role other professions may play in supporting 
language impaired populations. In addition to speech language pathologists, collaboration 
with mental health professionals, teachers and other educational/vocational support 
disciplines is needed. As children grow into adults, the difficulties faced by a person with 
language difficulties may extend well beyond problems with communication. A multi-
disciplinary approach to language intervention may help to improve lifelong outcomes for 
those with language delays. 
7.3.2 Policy implications 
There are several policy implications that can be drawn from this thesis. Firstly, the 
identification of different developmental language profiles and the myriad of influences that 
were associated with these developmental pathways through childhood and into 
adulthood, shows that from a policy level, prevention and intervention for language 
difficulties cannot just be about the disorder itself. Instead, there needs to be a focus on 
leveraging change with respect to social determinants that operate at a population level. In 
this way, combined interventions which include traditional language-focused approaches 
as well as targeting environmental risk factors may have long-lasting benefits for children. 
Also, from a public health perspective, it was clear from this thesis that there was a 
socioeconomic gradient with poorer language outcomes occurring in the context of greater 
family disadvantage, including lower family income levels, poorer parental educational 
attainment and maternal smoking during pregnancy. One significant challenge for public 
health and policy makers is addressing the effects of these multiple, cascading and 
cumulative risks on children. For example, many mothers who continue to smoke during 
pregnancy, often have other risk markers present, including low socioeconomic status, 
mental health problems and a history of adverse childhood experiences (e.g. Batty, Der, & 
Deary, 2006; Gilman, Gardener, & Buka, 2008; Knopik, 2009). Thus, it is the cumulative 
effect of risk factors that can promote social marginalisation and ultimately works against 
positive outcomes for offspring. Policy initiatives need to ensure that there are effective 
systems to support the social and psychological capacities within families through 
parenting programs and family support services in communities, to prevent this 
marginalisation and break the intergenerational cycle that exists for these families. 
The pervasive and lifelong impact of childhood language difficulties also lends 
support to a whole-of-government approach to policy that crosses the health, education 
and community sectors. As evidenced by this thesis, this support needs to remain a 
priority for the early foundational years, but such interventions need to also continue into 
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school-age and adolescent years. The variability that exists in language development, as 
was found in this thesis, highlights the need to assess language growth over time. This 
may assist the detection of those children with low language profiles and enable provision 
of educational support at the time that it is needed. A clear policy implication of this thesis 
is that some populations of children are at greater risk and selective ‘screening’ of these 
children, informed by risk factor models, may offer the most efficient opportunity in 
detecting those children at risk of low language outcomes and intervening before these 
delays interfere with a child’s schooling, peer relationships, behaviour and mental health. 
7.4 Strengths, limitations and future considerations 
This thesis drew on prospective data from two large Australian cohort studies and 
this allowed for investigation of the predictors and outcomes associated with language 
development across the lifespan. Both the MUSP and the Raine Study commenced 
recruitment when mothers were still pregnant with the study child and the follow-ups 
extended into adulthood. This enabled examination of a range of potential predictor 
variables present from pregnancy and also allowed for the exploration of the long-term 
outcomes associated with language difficulties beyond childhood. Furthermore, the use of 
two population-based samples meant that a continuum of language abilities could be 
included ranging from children with more mild language difficulties to those severely 
affected. 
Attrition was one of the main limitations of both cohorts. Attrition (or loss to follow-
up) is a common limitation in longitudinal studies (Gustavson, Von Soest, Karevold, & 
Roysamb, 2012; Young, Powers, & Bell, 2006) and is especially likely with increasing 
study length (Hadders-Algra et al., 2008) such as that in the current thesis spanning up to 
a 21-year period (Chapters 2, 5 and 6). Multiple imputation was used in this thesis as a 
“best effort” technique to address the issue of missingness of covariates. However, 
multiple imputation was not able to account for missing outcome data for those children 
who were lost to-follow up. As demonstrated by the attrition analyses in each chapter, 
those participants lost to follow-up were more likely to be from more disadvantaged 
backgrounds (see Tables 2.3, 3.3, 4.1 and 5.1). Thus, overall the samples were not 
representative of the more socially disadvantaged groups in the Australian population. Due 
to this differential loss to follow-up, it is likely that the results of this thesis underestimate 
the proportion of children at risk of poor language outcomes, and this may also have 
impacted the strength of the associations and the point estimates identified.  
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While this thesis utilised data collected from two rich Australian datasets, it should 
be acknowledged that as a result of using pre-collected data, analyses were confined to 
the questionnaires and assessments administered at each follow-up as part of the cohorts. 
These confinements relating to available data resulted in limitations for both the predictor 
and outcome chapters of this thesis. A few specific examples are discussed below. In 
terms of the risk factors available for inclusion, there are some factors that have been 
shown to influence language development which were not collected as part of the MUSP 
and Raine studies and thus, were unable to be included in analyses. For example, 
receptive language skills at 2 years (Desmarais et al., 2008; Thal et al., 2013), intervention 
received, and family history of speech/language/literacy difficulties (Reilly et al., 2007) 
have been shown to influence language outcomes in other cohort studies. In recent years, 
screen exposure (including the use of television, iPads, computers, and iPhones for 
entertainment) has received increased attention due to the possible harmful effects of 
increased screen-time usage on child development, including language. While there is 
some evidence linking increased television viewing (> 3 hours/day) in the preschool years 
to school-age language outcomes (McKean et al., 2015), rigorous evidence in this area 
surrounding the direct impact of screen-time on language development is still lacking.  
While information relating to screen-time was not available in the MUSP or Raine cohorts, 
the impact of screen-time usage on language outcomes remains an important area for 
future cohort studies to explore. One limitation specific to Chapter 4 was the screening 
measure available. As part of the Raine cohort the IMQ was administered. However, the 
ASQ is now the updated version of this instrument and this meant the results of Chapter 4 
are not directly comparable to the version that is now used clinically. The available data 
also resulted in further limitations for the outcome studies. For example, in relation to 
Chapter 6, while the PPVT is widely used, this measure only assesses receptive 
vocabulary. Ideally, assessment of broader language skills and other aspects of cognitive 
ability of the participants would have been measured to assist in better understanding the 
developmental influences of the identified trajectories and their associated outcomes. 
The current thesis focused on language performance based on assessments at two 
time points (Chapter 3: 2 and 10 years and Chapters 2 and 6: 5 and 21 years). The use of 
only two assessment points and the subsequent time between follow-ups is a limitation. 
While four language profiles showing patterns of change were identified, it is highly likely 
that based on previous work there was even more instability in language development that 
occurred between the two assessment points (e.g. Ukoumunne et al., 2012). The precise 
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time at onset of later language problems, the point at which language difficulties resolved, 
and the impact of the timing of these changes on long-term outcomes cannot be 
ascertained from the current cohort studies. Further, the current thesis focused solely on 
language performance, without the consideration of non-verbal ability. While this 
methodological decision was based on the conflicting views at the time surrounding 
language and non-verbal ability (i.e. SLI), future research should use longitudinal studies 
to investigate the influence of non-verbal skills to both the patterns of language profiles 
observed and the associated outcomes.  
Another gap in the evidence-base which must be acknowledged is the lack of 
evidence, particularly in longitudinal research, of language development during 
adolescence. This was evident in the two datasets used as part of this thesis in which 
language data was not collected during the adolescent period. It is paramount that further 
research ensures language outcomes are assessed during the adolescent years so that 
the significance of this developmental period can be better understood with respect to 
language and DLD. 
All of the studies incorporated in this thesis applied threshold cut-offs to determine 
‘typical’ and ‘delayed’ language performance. However, limitations of this methodological 
approach must be acknowledged. Firstly, language development occurs on a continuum 
and thus, some researchers and theorists argue that the use of discrete categories, such 
as ‘typical’ verse ‘delayed’ does not adequately capture, or represent, the spectrum of 
language ability that exists (e.g. Bishop & Edmundson, 1987; Dollaghan, 2004; Rescorla, 
2009). While the ‘categorical’ approach applied in the current thesis is consistent with 
other studies in this area, and mirrors the traditional approach used in clinical settings to 
identify children in need of support and to determine funding allocations, it is 
acknowledged that such an approach does not represent the heterogeneity in language 
and language-related abilities that would exist for this cohort of children. Further, while a 1 
standard deviation cut-off allowed for the exploration of mild language difficulties (and is 
consistent with other similar studies in the area), it is also acknowledged that when 
applying any cut-off there is a degree of arbitrariness. Children could fall on either side of 
the specified cut-off at one or both assessment points which subsequently changes their 
developmental profile group. Thus, it is acknowledged that applying different cut-offs may 
have led to different interpretations in the current thesis. Applying different thresholds was 
beyond the scope of the current thesis due to sample size constraints, in that applying a 
more stringent cut-off (such as 1.5 SD or 2 SD) resulted in significantly smaller group sizes 
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with insufficient power to conduct analyses. Consideration of the influence of applying 
different thresholds in understanding both language developmental profiles and the 
associated outcomes is an important area for future work using much larger population-
based studies. 
The current thesis provided important directions as to the risk factors affecting 
language outcomes across development. However, one possible avenue for advancing 
this area is for future research to understand the role of mediating and moderating factors 
influencing language trajectories. Of particular relevance and importance in this domain is 
the consideration of literacy skills on long-term language outcomes. There is extensive 
evidence showing the mutually dependent relationship that exists between language and 
literacy, with skills in one domain shown to be of direct benefit to the other (Snow, 2016). 
Thus, further consideration of mediating factors is important for advancing knowledge in 
this area. This is particularly necessary for children with early language delays in order to 
better understand what factors stimulate language development for some children who 
had early language delays but later demonstrate skills within the normal range. Identifying 
such factors, which contribute to these children closing the gap to their typically developing 
peers, will be highly significant in terms of informing early intervention practices, 
particularly if they can be easily implemented in schools and homes. While further 
research in this area is needed, such interventions which target the identified factors that 
influence language development may have the potential to improve the life course 
outcomes of children with early language delays who are at the highest risk of persisting 
difficulties into the school-age years and beyond. Therefore, a stronger emphasis on the 
role of mediating factors, in terms of both language and also the influence on other life 
domains, is an important future direction for informing prevention and intervention 
strategies. 
The current thesis included the first study in the area of speech pathology to 
incorporate ML algorithms as a possible way for improving early detection of language 
outcomes. While the present preliminary results suggest inclusion of other developmental 
indicators at 3 years, including motor, adaptive and social behaviours, does not improve 
prediction of poor language outcomes at 10 years, the research in this area is in its infancy 
and may provide a fruitful area for future investigations. For example, this thesis focused 
on parent, child, and family predictors and developmental interactions separately. 
However, given the importance of maternal education and family income in the ML models 
at 3 years, one avenue for further research could be expanding ML models to include data 
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pertaining to other risk factors (as considered in Chapters 2 and 3) as well as 
neurodevelopmental indicators. This will require close collaborations between clinicians 
and researchers not only to determine the most appropriate factors to include in the ML 
models, but also to identify which factors are able to be feasibly assessed in the clinic and 
how any results may be usefully translated to clinical practice.  
Overall, the findings of the current thesis, when taken together with other 
population-based studies, show that whilst a comprehensive list of identifiable risk factors 
to inform clinicians and policy makers is not available, there is still sufficient evidence that 
can inform prevention and early intervention strategies. When these risk factors are 
considered in conjunction with the lifelong implications associated with language 
impairment, it becomes clear that a vital future direction for population-based cohort 
studies should be centred on intervention and prevention practices. Early identification of 
children at risk of poor language outcomes is only as important as the success of early 
intervention that is subsequently provided to these children. Thus, future work must ensure 
that an evaluation of early detection is combined with universal interventions. To date, 
intervention at a population-based level that is centred on language and the remediation of 
risk factors has been an under-examined area, but one that has great potential for 
improving health, well-being and vocational performances for a significant proportion of the 
population. 
7.5 Overall Conclusions 
This thesis consisted of longitudinal investigations of the predictors and long-term 
outcomes associated with delayed language acquisition in two Australian population-
based cohorts. The findings arising from this thesis demonstrate the variability that exists 
in language development by showing patterns of both resilience and vulnerability that exist 
for different language populations. Importantly, these results provide evidence that early 
language ability, at least to some extent, remains predictive of later language outcomes, 
and hence early language delays should continue to be a red flag for clinicians when 
prioritising early intervention services. However, the identification of a subgroup of children 
showing deteriorating language profiles also highlights the need for continued surveillance 
and monitoring of language development over time, even in the presence of early typical 
skills. Thus, professionals working with children need to be vigilant of this variability that 
exists in language across development. 
In terms of early identification, this thesis provided evidence of the intrinsic (child-
related) and extrinsic (parent and family-related) influences that drive longitudinal change 
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in language knowledge. Thus, in addition to targeting structural language deficits, early 
intervention specialists should also focus on removing, or at least reducing, the impact of 
identified risk factors on a child’s development in order to work towards ensuring more 
optimal language outcomes are achieved. For example, as indicated by the findings of this 
thesis, this includes the provision of intervention services that are accessible and 
appropriately targeted for children from families with low socioeconomic status, promoting 
psychological wellbeing in the early years, including mothers as well as fathers in 
intervention efforts, and encouraging book reading in the home as early as 2 years. 
Evidence arising from this thesis also sheds further light on the lifelong implications 
associated with delayed language acquisition. More specifically, this thesis advances our 
understanding of the impact of changes in vocabulary skills on other areas of functioning 
including educational, vocational and mental health. Thus, the results stemming from all 
studies that focused on either predictors or outcomes provide evidence of a need for multi-
disciplinary approaches to language intervention and prevention strategies in order to 
optimise outcomes for language impaired populations. This includes close collaborations 
between speech language pathologists, early childcare workers, teachers, occupational 
therapists, and psychologists to build support plans for these children that account for the 
complex relationships that are known to exist between language and other areas of 
development (including behaviour, socio-emotional difficulties, motor etc.).  
Overall, this thesis has enhanced the knowledge of the early life predictors and 
long-term implications of language impairment and provides important avenues for further 
work in this area. Continuing efforts are required to not only improve early identification but 
also to work towards providing effective intervention services that translate to long-term 
language and educational gains for children. By prioritising such areas in both clinical and 
research practices, it will ensure positive lifelong outcomes are achieved for children 
experiencing this hidden disability. 
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